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.C.|. Heat Treatment joins the 
Harristocracy 


To professional decorators and “‘do-it-yourself-ers", Harris has long been a 
name to conjure with—or, rather, to decorate with. And Harris, naturally, are 
determined that this state of affairs should continue—and even grow, both at 
home and overseas. That's why they introduced a mirror finish for all their 
scrapers—and why they devised a blade hard enough to retain its edge, 

yet capable of being bent without breaking. It's a super-strong tool, with 
long-life sharpness, hollow-ground for extra flexibility, and mirror-finished 
for easy cleaning. 

And Harris's new scraper could not have been produced without I.C.I.'s 
‘Cassel’ Ajax Electric Furnaces to provide the heat-treatment. Harris used to 
blank out their scraper blades from hardened and tempered strip; tool 

wear and maintenance was considerable—and production of the new blades 
at the required hardness would have been impossible. So Harris consulted 
1.C.1. Heat Treatment Service and installed their own heat-treatment plant. 
Now, they blank out from annealed strip, and follow up with heat-treatment 
to give the desired hardness. 

By using their own heat-treatment plant, Harris are able to ensure the 

clean surface necessary for mirror finishing; optimum hardness with 
minimum distortion and a blade sufficiently flexible, after hardening, to be 
pulled flat in the temper setting jig. Tool life at the blanking stage has been 
spectacularly lengthened and maintenance reduced to a minimum. 


Harris would certainly agree that 


IT PAYS TO CONSULT 1.0.1. HEAT TREATMENT SERVICE | 
SENERAL 


HEMICALS 


comes IMPERIAL CHEMICAL INDUSTRIES LTD., LONDON, S.W.1. 
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MULTI-PURPOSE 


Forging 
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WIDE RAM 


TYPE for 


PREFORMING—BENDING 
TRIMMING—PUNCHING 
SETTING—SIZING 


% Available in sizes from 100 to 1,000 tons, this 
specially designed multi-purpose press enables 
preforming, setting and straightening to be 
carried out in addition to trimming and piercing 
operations 





= =’ aa” 


Electrically driven, with transmission by alloy 3 
steel double helical gears. 


Comprehensive lubrication system automatically 
interlocked with main press drive 


Frame of maximum strength with large diameter 
tie bolts shrunk into position 


+ + + 


Air-operated friction clutch fully protected 
against overload 





100-Ton Wide Ram Trimming 


and Setting Press 


1861-1961 





MASSEY DESIGNS INCLUDE 
r ed lor 


Steam and Compre 


Hammers, Pneuma Power 
diucisin ie haiee ten B«S. MEASSEY FE?  opensHaw - MANCHESTER - ENGLAND 
and Compressed Aur Drop 
Hammers, ( ounterblow Hammer 
de Patsy Mmesheng MAKERS OF THE WORLD'S GREATEST RANGE OF 


Fixing FORGING AND DROP FORGING PLANT 







Rotary Compressors 





and Vacuum Pumps 
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Two stage Rotary Compressor Type RVC 510, Photograph by kind permission of 


delivery 2540 CFM of free air at a discharge Teddington Aircraft Controls Ltd., 
pressure of 100 PSIG. Merthyr rydfil, Glamorgan. 


Delivery volumes range from 150 CFM to 3500 CFM at discharge pressures 
up to 114 PSIG or VACUA up to 99.9°, for air and gas. 


Over 50 years of experience, research and development have culminated 
in optimum performance, low maintenance cost and the highest possible 
degree of reliability. 


For details please contact: 





service installation spares 
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ENGINEERS 


and 


DESIGNERS 


THE WORLD OVER 


specify 


FIRTH BROWN 
ALLOY STEELS 


WHERE HIGH QUALITY 
IS IMPORTANT 


Write for full technical advice 
and for details of 
16mm. colour-sound films available. 








Firth Brown 








Advanced techniques 


and reliable service 


have established for 


Smethwick Drop Forgings 


a fine reputation 


SMETHWICK DROP FORGINGS LTD - SMETHWICK & KIDDERMINSTER 
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HANDLED WITH CARE 


Care is the basic ingredient in any successful 
project—constant attention to detail at 

every stage of design and construction. 

The Incandescent Heat Co. Ltd., produce an 
immense range of heat treatment equipment to 
meet many different demands both 

for static and continuous processes. 

Furnaces for annealing, normalizing, bright 
annealing, carburizing, hardening and tempering, 
forging, re-heating, malleablizing, cyanide 


hardening, bright brazing. 





PUSHER FURNACE 


INCANDESCENT HEAT CO. LTD., SMETHWICK, ENGLAND, 


12/22R/61 
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LAMBERTON 





TON VERTICAL 
FORGING PRESS 





19 








Photograph by courtesy of The Austin Motor Company Limited 


A fast working press suitable for mass production forging 
An automatic feeder can be fitted 


Write for full details to: 


EUMUCO (England) LIMITED 


2% FITZROY SQUARE - LONDON W1 - TELEPHONE: EUSTON 4651 
Smee's E8 
Al 




















‘TRANSITROL 


Patents 617053 & 8195346 Regd. 





Temperature Controllers 


.. have already 
proved their 
reliability and 
durability to 
thousands 

of firrns in 
all industries! | 








Comprehensive information from: ETHER LTD. 
Tyburn Road, Erdington, Birmingham 24 East 0276-8 


Caxton Way, Stevenage, Herts Stevenage 2110-7 
DELIVERED 





Representatives throughout the U.K 


c ountries. 











TYPE 990: 
Two-position on/off, 


Operating: 
Solenoid valves. 
Motorised valves. 
Contactors. Relays. 
Electric heaters. 


Applications: 
Sale-baths for heat-treat- 
ment of metals 
Vicreous-ename lling 
turnaces 

Muffle furnaces, 

Hot-arr oven 

Drying kilns 

Crucible furnaces. 
High-cemperarure 
alarms 

Extruding and moulding 
mach. nes, etc., etc. 








TYPE Oi: 
Anticipatory 


Operating: 
Solenoid valves. 
Motorised valves. 
Contactors. Relays. 
Electric Heaters. 


Applications: 
Extruding machines and 
moulding presses for 
plastics, rubber, etc. 


Die-casting machines, 


Furnaces for crystal 
growing. 


Chemical processing. 
Food packaging 
machinery, etc., ete. 


TYPE 992: 
Proportioning 


(stepiess) 


Operating: 
Saturabie reactors. 


Applications: 
Electrically-heated 
equipment requiring 
extremely accurate tem- 
peretures, ©.e- plastic 
extruders for high- 
quality production. 


Electric furnaces em- 
ployed on research, 


Electronic production, 
etc., etc. 














TYPE 993: 
Three-position 
(employing any combina- 
tion of the preceding 
control systems). 


Operating: 

Solenord vaives. 
Motorised valves. 
Contactors. Relays. 
Electric heaters 
Saturable reactors, 
Applications: 

For the independent con- 
trol of sequential heating 
and cooling or for con- 
trolling a floating valve 


Sait-baths for heat-treat- 
ment of meta 
Vitreous-enamelling 
furnaces 

Muffle furnaces. 
Crucible furnaces. 
Extruding machines, 
Mouiding presses 
Die-casting machines 
etc., etc. 








TYPE 995 
Continuousty-acting 
Proportional 


(with manual reset) 


Operating 
Motorised proportioning 
valves 


Aoplications: 
Gas-fired or oil-fired 
moken-metal vats, 


Continuously-fed 
furnaces. 


Lebrs. 


Drying ovens and kilns, 


etc., etc, 





TYPE 994: 
Time-Temperature 
(ernploying any one of 
the preceding contro! 
systems). 


Operating: 

Solenoid vaives. 
Motorised valves. 
Motorised proportioning 
waives 

Contactors. Relays. 
Electric heaters. 
Saturable reactors, 


Applications: 
For controlling the rise 
and fall of temperature 
over a given period o 
time ins— 
Pottery kilns. 
Food processing. 
Heat-ctreatment of metals 
lass, plastics. 

esearch, etc. etc 
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Atmospheres are 
best controlled with 
BOTTOGAS Butane 





Photograph by courtesy of Bnfieid Rolling Mills Lud. 


BUTANE 
PRECISION FUEL 


BOTTOGAS butane and PROPAGAS 
propane with their low sulphur 
content are the perfect mediums for 
special furnace atmospheres. They 
are widely used for gas carburising, 
earbonitriding and bright annealing. 


SS 


tt 
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for industrial furnaces 








BOTTOGAS butane and PROPAGAS propane 
are the Precision Fuels for the glass industry, 
air heaters, radiant heaters, bitumen and mas- 
tic heating, floodlights, blow torches, fork lift 
trucks, agriculture. 


BOTTOGAS butane and PROPAGAS propane 
come from the British Refineries of the Shell and 
B.P. Groups. They are backed by a nationwide 
diatribution service and technical resources 
second to none 


Shell-Mex and B.P. Gases Limited 


(Req'd users of Trade Marks) 


Ceci! Chambers, 76-86 Strand, London WC2 Phone: TEMple Bar 1234 
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Cut your Forging Costs by installinga... 


BRITISH-MADE 
CHAMBERSBURG CECO-DROP HAMMER 


Sole Agents 





An air or steam lift, gravity drop 
hammer setting new standards for 
quality and production. 


* Automatic operation with variable 
stroke control. 


* Greater and cheaper production 
per hour. 


* More economical, safer and easier 
to operate. 


* Improved accuracy of die match. 


The Chambersburg Ceco-Drop is an improved-type 
Drop Hammer providing more blows per minute 
and closer tolerances in the forgings. 


Maintenance costs are reduced due to fewer and 
more durable working parts. 


The Herbert Organisation can also supply 
PULLMAX, FOKKER-ECKOLD and PEARSON 
sheet-metal working equipment. 


AD 27! 





ALFRED 
yes H E. R B E R Tr £7D., COVENTRY — FACTORED DIVISION, RED LANE WORKS 
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DIE ENGINEERING ABILITY 


makes 
this 
possible! 
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Dies for intermediate Rod made on Natione! 3” High Duty Forging Machine 






11 sizes from |-inch 


through 10-inch 










National High Duty Forging Machines, teamed with modern die design, produce these 
and many other accurate, close-limit forgings with marked economy in material savings 
and final machining 

Forgings, the strongest metal parts obtainable, are made practically scrapless. Hollow parts, 
large-diameter upsets, unusual forms and bends — all are made on high-production upsetters 
Let us help you investigate how your upset or deep-pierced forgings can be made faster, 
better and more economically on manual, single-blow or automatic Forging Machines. 


No obligation 


FORGING MACHINES + MAXIPRESSES « REDUCEROLLS 
BOLTMAKERS + NUT FORMERS + TAPPERS 
COLO HEADERS + PARTS-MAKING MACHINES 


JGHKAYSER 
UNITED KINGDOM OFFICE NURNGER‘’ 
429 BIRMINGHAM ROAD 
SUTTON COLDFIELD «© WARWICKSHIRE ¢ ENGLAND ° Telephone: ERDINGTON 4192 
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“Qnly 2,000 ops and done for. 


You must be cracked... 
(It’s all that oil and sawdust !)99 






“4,000 ops and still 
going strong — 


(It's all that lubrication with a 
FOLIAC Colloidal Graphite Dispersion )9* 


Foliac Colloidal Graphite supersedes the traditional 
methods of die lubrication. It not only eliminates 
metal-to-metal contact, but protects the surfaces of the 

dies from corrosion, cracking and burning. It provides 

a tough, self-lubricating film over the entire die surface 
that reduces friction and improves meta! flow. The 

result is a consistently well finished product from a die that 
lasts twice as long—or longer. Why not ask 

our representative to call to discuss specific problems, 

and advise on applications. 


F O L I A G COLLOIDAL GRAPHITE DISPERSIONS 





hs GRAPHITE PRODUCTS LIMITED 


A Member of Tne Morgan Crucibie Group 


POINT PLEASANT - WANDSWORTH - LONDON ~ S.W.18 TELEPHONE: VANdyke 6422 
GP 104/334 


A new London lifts a 


F YOU CLIMB to any vantage point in London now you find 
| a new skyline taking shape all round you, a skyline 
pierced and altered by gleaming cliffs and towers. 

What is lifting London - and other cities — higher than 
ever before is steel: steel tubes for scaffolding; steel beams, 
nowadays rolled out all of a piece in lighter stronger 
sections, rising in stiff gaunt frameworks ; steel reinforcing 
rods strengthening concrete in its climb into the sky ; steel in 
the piles and foundations that brace these giants in the 
London clay; steel window frames lending grace to the 
enormous facades. 

And in London now you will see exciting new applica- 
tions of this versatile metal. The light curtain walling that 
faces many modern buildings is made of panels of cladding 
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towering steel skyline 


held in a steel framework ; sometimes the panels themselves 
are of vitreous enamelled steel ; or they may be glass panels 
backed by galvanized steel. Stainless steel] has now made its 
appearance as a building material, used in thin sheets to 
cover the mullions of windows. Indoors, plastic-coated steel 
is being used extensively 

Steel — strong, cheap, versatile steel — is putting exciting 
new techniques into the hands of architects, revolutionizing 
the fabrics of our homes and offices as thoroughly as the 
lives we live in them. 


THIS IS THE STEEL AGE 


BRITISH IRON AND STEEL FEDERATION 
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HASENCLEVER foncinc encase 





A unique feature of these presses 
enables cycle, blow and programme to be preset 
accurately. Push button operated models 
from 150 to 3,000 tons are available for hot 
or cold forging or coining 


i 





J 39 VICTORIA STREET-WESTMINSTER-LONDON:S Wi! 


Tetephone: AGBEY $338 Telegrams: POWAFORGE. SOWEST. LONDON Cables: POWAFORGE. LONDON 


PAUL GRANBY & CO.LTD. @ 
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An 1859 achievement 





and still ee 
leading in 196] 


With a background of over 100 years in steel 
foundry practice, English Stee! Castings Corporation 
Ltd., produces a wider variety of steel castings 
than any other steel foundry in the world (from a 
few pounds to 185 tons individual weight) and 
operates the most comprehensive plant in Europe 





Pouring 142 ton Steel Casting using 
three ladles simultaneously in 1959 


ENGLISH STEEL CASTINGS CORPORATION LTD 
River Don Works, Sheffield 


A WHOLLY-OWNED SUBSIDIARY OF ENCLISH STEEL CORPORATION LTD 
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If you are involved in all or any of these 

processes then it may well be worth your 

while to get in touch with E. & A. West Ltd. 

Are you In all probability they may be able to 

solve some of your problems in these fields or 
concerned with suggest more economical or efficient methods. 
Their Technical Advisory Service is at the 
disposal of Industry and will be glad to get to 
rust removal grips with your particular problem. 

The answer may even be in their impressive 
or corrosion jibrary of “case histories”. 

Please do not hesitate to call them in. 
This service is freely given and non-obligatory. 


annealing scale 


prevention? 


LEAS 















18/8 Stainiess Stee! sur - 18/8 Stainiess Stee! sur- Patches of red scale left Bright,even surface on the 
face after two hours in face after two hours in on brass after pickling in same brass after pickling 
Nitric Mydrofluoric Acid Ferric Sulphate Hydro- 7% Sulphuric Acid. in 5% Sulphuric Acid with 


bath. Over pickling has fluoric Acid bath. Over 
resulted in etched crystal- pickling has had no effect 
line surfac on the metal surface. 


added Ferric Sulphate. 





Ferric Sulphate. As a pickling agent results 
in rapid, clean and fume-free method of 
descaling stainless steel, copper, brass and 
nickel silver and an improved method of 
etching mild steel surfaces prior to coating. 
Non-fuming, non-toxic, safely handled. 
Westolite Rust Remover. This is supplied 
For technical advice or product in two forms: liquid and thixotropic. The 
data you are invited to write to:- former is recommended for dipping batches 
E. & A. WEST Limited. of ferrous metal goods. it is a particularly 
efficient phosphating material which combines 
effectively with the surface metal to 
DERBY. produce a protective non-rusting layer. 
Telephone: Derby 45008. Thixotropic Westolite has been developed 
for use on industrial plant, structural 
steelwork, and in situations where immersion 
is precluded. In the form of a gel, 
Thixotropic Westolite becomes temporarily 
free-flowing when applied with a brush but 
after application resumes its paste-like 
consistency. Advantages include, adherence to 
W E S Be vertical surfaces, no drips and no wastage. 
Also manufactured is a range of Industrial 
chemicals including Dipping Acid, Nitric Acid 
and Hydrofluoric Acid. 


Parcel Terrace, 





CHEMICAL§- FOR INDUSTRY 
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RESISTANCE 
FURNACES 
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Nobody knows 
more about 
resistance 


furnaces 





6.W.8. FURMACES LIMITED (FURNACE DIVISION), DUDLEY, WORCESTERSMIAE. TE: DUDLEY 55455 


ASSOCIATED WITH GIBBONS BROS. LIMITED AND WILD-BARFIELD ELECTRIC FURNACES LIMITED 
ows/ate 
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The sulphuric acid regeneration plant recently installed 
by John Thompson (Dudley) Ltd., at the new Brinsworth 
Mill of Steel, Peech & Tozer, is probably the largest of 
its kind in this country. The complete plant is capable of 
treating al! spent pickle liquors from the continuous strip 
lines in the mill, and provision has been made for doub- 
ling the capacity of this plant at a future date to meet the 
demand when the mill is working at maximum capacity. 

In addition to the above there is installed a large 
neutralisation plant for dealing with all waste effluents 
from the continuous strip lines. These plants are larger 
than any likely to be required in the wire industry, but 
the same principles are applicable to plants on a smaller 
scale and of smaller capacity, which would be of consid- 
erable interest and value to the medium and large wire 
mill using sulphuric acid. 
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80-ton direct arc meiting installation 1$0-con capacity bogie hearth furnace 


HEAVY DUTY ELECTRIC FURNACES 
— INDUSTRY EVERYWHERE 





Continuous hardening and tempering of forgings Continuous normalizing of forgings 


METALECTRIC FURNACES LTD. 


SMETHWICK - ENGLAND 
FOR ALL FORMS OF ELECTRIC HEAT TREATMENT EQUIPMENT 





Roller hearth bright annealing Continuous blackheart and pearlitic maiicablizing 
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SALEM -srosiws 


ROTARY HEARTH FURNACES 
. . for forging, stamping and general heat treatment 
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high-capacity rotary hearth and other types of continueus i batch reheating 
and heat-treatment furnaces —- open hearths — aluminium metiers— soaking pits 

annealing plants including single and multi stack coil furnaces, horizontal 
and vertical continuous strip furnaces, atmosphere gas generators etc. Consult- 
ations, surveys and reports on projected and existing plant. Repairs and 
reconstruction 


SALEM -srosius 


SALEM-BROSIUS (ENGLAND) LIMITED MILFORD HOUSE . MILFORD . Nr. DERBY - Phone: Dufficid 227! Grams: Keener Seiper 
P7156 
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Whatever your heat-resistance problem 





Accurately 
weighing 
molten 
meta! prior 
tocentrifu- 
gal casting. 








the way to succeed is with Thompson L.’Hospied! 


AND COMPANY LIMITED - AMBLECOTE . STOURBRIDGE . TELEPHONE 5/28 
At Thompson L’Hospied, specialists in 
heat-resisting castings, modern 
techniques are very much in the 
picture. Every job handled is subjected 
to the very latest production methods 
all along the line 
Through our close association with pttes 
the furnace industry, we have & 
inequalled facilities for testing 
under actual conditions 
Take advantage of the really cA 
streamlined service we offer — ask "e < 
a representative to call “sistas * 


A member of the incandescent Group 


< 
> 
< 





metal treatment 
and. Drop Forging 


from transformers 


to bellows 


the relief of stresses demands 


Yl Uy 


_EFCO_ 


YY ALLE 


BELL TYPE FURNACES 


When you need to heat treat ferrous 
or non-ferrous metals, in strip or wire 
or fabricated form, in rectangular 
or cylindrical furnaces, in controlled 
atmosphere or in vacuum —— choose 
an Efco Bell 


SEST OF THE WORLD'S 
FURNACE OESIGNS 


EFCO FURNACES LIMITED 


NRP/A30S8 QUEENS ROAD, WEYBRIDGE. SURREY - Weybridge OP! 
nace amet at meee Meme bay ey 








MicRo-cCcCAM oh ee VALVE 


SM SE 6288 


STORDY ENGINEERING LIMITED 


ones. 5-2 oF We cenek. © 3 GOLOTHORN HILL WOLVERHAMPTON 





LIMITED } ct 


‘XACTROL H 














‘-for indicating, recording and | c 



























TURE 





FEM PEN 


oe 
POTENTIOMETERS 


PATENTS APPLIED FOR 





SERIES 2000 (illustrated opposite) 
Single-point Potentiometer Recording Controllers 











6° calibrated scale * Standard ranges: 2mV-l00mV span 

Pen speed: |, 2 or 4 secs. across chart * Chart life: | month at 
| inch per hour. 

Available with (i) Two-position on/off control (ii) Anticipatory control 
(iii) Proportioning (electrical) control (iv) Three-position contro! 

(v) Programme control (vi) Proportioning (motorised) control 





SERIES 2050 
Multi-point Potentiometer Recorders 











6" calibrated scale * Balancing motor totally de-energised 
throughout printing and indexing cycles * 

Standard ranges: 5mV-l00mV span * 

Pen speed: 2 secs. across chart * Printing speed: 6 secs. per point 


Available with (i) Two-point record (ii) Three-point record 
(iii) Six-point record. 








SERIES 2500 
Single-point Potentiometer Indicating Controllers 











18” calibrated scale * Standard ranges: SmV-l00mV span 

% Response speed: 2 secs. across chart * Bold easy-to-read 
scale and pointer. 

Available with (i) Two-position on/off control (ii) Anticipatory control 
(iii) Proportioning (electrical) control (iv) Three-position control 

(v) Programme control (vi) Proportioning (motorised) control 








IMustrated leaflets of all ‘Xactrol’ Potentiometers from: ETHER LTD. 
TYBURN ROAD, ERDINGTON, BIRMINGHAM, 24 :: East 0276-8 
CAXTON WAY, STEVENAGE, HERTS :: Stevenage 2110-7 











controlling any process variable! 
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Does it appear to ‘cock-a-snook’ at 
normal engineering practice by 
hanging together with great strength 





and without visible means of support ? 


If so, your pet products are probably 
enjoying, already, the profitable 
benefits of Birlec furnace brazing. 


Even so, vou may still be surprised 
at the number of tiresome threading, 
rivetting, welding and other assembly 

operations which, with intelligent 
design, can be replaced by simple, 
strong copper-brazed joints requiring 
only unskilled assembly. 

Birlec brazing furnaces have been 

developed over many years and 
include both batch, belt-conveyor 
and roller hearth types in a range of 
sizes to suit virtually any production 
needs for automatic, flux-less, 
pressure-tight joining of steel parts. 


isk your pet typist to send for 
further information. 


furnaces for every heat treatment 


AEI-Birliec Limited 


Tyburn Road, Erdington, Birmingham 24 
Telephone: East 1544 Telex No.: 33471 
LONDON - SHEFFIELD - NEWCASTLE-ON-TYNE GLASGOW - CARDIFF 





in Austrelesia: Birlec-Major Pty. Ltd., Moorabbin, Victoria, Austrelia 
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Metal 
treatment 


and Drop Forging 


CONTENTS 


This journal is devoted to metals—ferrous and non-ferrous—their 
manufacture, properties, heat treatment, manipulation, testing and 
protection, with research work and development in all these fields 


Steel and Europe 
Russian forging journal 


Production of mechanically-worked components from 
special alloys of limited forgeability DR. ZDENEK EMINGER 
and V. PAUR 

A method is described which makes possible the production of com- 
ponents with properties intermediate between forgings and castings. 
In particular, it makes possible the forging of alloys of limited forge- 
ability by using as-cast shapes as the initial material for the forging 


Toolmaking by spark erosion P. J. C. 
OXON.), A.M.L.E.E. 

Many aspects of electrodes for the spark erosion process are discussed, 
including materials, manufacture and positioning 


GOUGH, B.A.(HONS. 


The cold extrusion of steel R. A. P. MORGAN, O.B.E., M.I.MECH.E. 


The relatively new field of cold extrusion of steel is surveyed and its 
techniques discussed with many practical examples 


Method to reveal austenitic grain size in hardenable 
steels M. KALDOR AND J. A. VERO 

A method is described which reveals the austenite grain size of harden- 
able steels by means of the relief formed during martensitic 
transformation 


Materials for atomic energy 
Supplementary paper to the opening address by Sir William Penney, 


K.B.E., at the Engineering Materials and Design Exhibition and 
Conference at Earls Court 


Britain’s biggest die-forged aluminium propeller blade 
Fatigue crack propagation in metals 
3,000-ton forging press at Walter Somers 


News 516 People 
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BARFIELD 
GAS 











The Wild-Barfield Generated Gas and ‘Carbodrip’ 
methods of gas carburising ensure minimum carburising 
time, fastest production rates and full quaiity 

control. Write to us for advice on the application 

of gas carburising for your work. 


D ELECTRIC FURNACES 
Baglte 0 FOR ALL HEAT-TREATMENT EQUIPMENT 


Backed by 40 years’ specialist experience 





WILD-BARFIELD 


ELECFURN WORKS, OTTERS 


ELECTRIC FURNACES LIMITED 


WAT ASS, WATFORI TS TELEPHONE: WATFORD 26091 (8 Limes) 
ws.93 





Ss) 
3 
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Steel and Europe 


Now THAT THE DECISION has been taken for Britain to apply for membership of the 
European Communities, it is time to consider the implications for particular industries. 
Mr. C. R. Wheeler, C.B.£., president of the British Iron and Steel Federation, speaking 
at a recent Iron and Steel Institute meeting, said that the great weight of opinion in 
the British iron and steel industry welcomed the Government’s decision to apply for 
full membership of the European Communities. It was hoped that entry into Europe 
might eventually bring still further gains through its revitalizing effect on the economy 
as a whole. Mr. Wheeler emphasized, however, that the essential thing was now to 
increase the steel industry’s capacity to sell steel—both by improving the cost efficiency 
of plants, and by improving sales machinery. 


Mr. Wheeler then considered some of the detailed questions raised. The British 
iron and steel industry would not disappear as a unit any more than the German or 
French stee! industries had disappeared. The steel federations of the six present-day 
Community members had taken on new and important functions since the opening of 
the Common Market, and our Federation might possibly follow the same course. This 
did not imply that the central arrangements of the industry would all continue unchanged 
in their present form. The position of the industry fund generally and of the central 
importing arrangements in particular would need to be carefully considered. 


The industry was of the opinion that Britain’s entry into ECSC would require an urgent 
reassessment of national fuel policy. Since the opening of the Ecsc, the pithead price 
of the British coking coal bought by the industry had gone up nearly 60°,,, whereas the 
prices of Community coking coal have not risen by more than 16°,. The Community 
steelworks which were being developed on coastal sites were able to enjoy large imports 
of cheap American coal on a regular basis whereas British coastal plants were forced to 
rely on home supplies which were, in one case, some 30s. a ton dearer. British steel 
producers could not be expected to compete in a freer Community market with the 
handicap of excessive fuel costs still riveted upon them. If the Government decided 
to place British steelmakers in more competitive conditions vis-a-vis their end products, 
then the Government must equally ensure more competitive conditions vis-a-vis fuel 
supplies. 

There could be no doubt that radical changes faced the British steel industry. We 
had to expect at some reasonably early date to have to abandon a system of uniform 
zonal delivered prices and in its place to introduce an ECSC system, with reliance on 
published basing point prices, and with regulated price alignment as a further important 
innovation. The ECSC pricing system required the charging and publication of non- 
discriminatory transport rates. Here we were in the hands of the British Transport 
Commission and the Government. This was a matter of great importance for future 
rate-fixing policy in the British transport system as a whole. 


A particular problem for the stee! industry arose out of the structure of British taxation 
in the light of the EcSc’s present pricing rules. In Britain none of the tax burden falling 
on the steel producers arose in the form of turnover or sales taxes, and so our position 
in the Community would seem likely to be even worse in this respect than that of any 
other country. 


In conclusion, Mr. Wheeler said that the industry wanted to be assured that it would 
be allowed to compete on equal terms, and therefore wanted to see Government policy 
reviewed in certain important particulars in order to make such equality possible. 
Secondly, we all wanted to ensure that such competition was fair competition and kept 
to the rules. 
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Russian forging journal 


Abstracts from the Russian forging journal— Kuz- 
nechno-Shtampovochnoe Proizvodstvo, April, 1961, 
3. This is the third year of this journal devoted 
specifically to forging. Short abstracts of the more 
important articles are given in METAL TREATMENT 
each month. 


Cold rolling of the thread on long screws. M. M. 
VOLKOV. Pp. 1-5. 

A description is given of the oblique skew rolling 
of coarse module threads on long screws for the 
conveyor mechanism of tube cold rolling mills. 
Theory and practice and the calculation of the 
working parameters and setting of the mill are also 
outlined. The technique produces considerable 
saving of metal, reduction in labour and plant 
capital costs, and an improvement in the accuracy 
and surface quality of the threads produced and in 
their fatigue strength. 


The bending moment during the plastic flexure of 
sheet. M. 1. PRUDNIKOV. Pp. 6-8. 

The results are given of a theoretical investigation 
of the problem of the determination of the value of 
the bending moment, aimed at a relatively accurate 
and acceptably accurate equation. Calculated and 
experimental data show satisfactory agreements. 


An investigation of the plastic properties of stainless 
steels during mechanical working. N. N. KORNEEV, 
G. M. MOROKHOVETS, F. I. FILATOV and V. P. MANYCH. 
Pp. 9-12. 

Upsetting of tubes. N. M. ZOLOTUKHIN and V. YA. 
MIL’CHEVSKII. Pp. 13-15. 

A machine is described for the upsetting of oil 
drill pipes in one operation by a continuous con- 
secutive method in a calibrating ring without dies. 


Extrusion stamping forging of the rotating cam of the 
GAZ-63 automobile. 1. E. GUTKIN. Pp. 15-18. 
Production of the hollow pivot journal of this cam 
is described, on a 1600 horizontal press on which 
the upsetting is carried out in three operations. 


Press equipment for the production of electrically 
welded tubes. A. Z. FRIDMAN, V. YU. PRISHCHEPO 
and R. S. KITAIN. Pp. 18-23. 

The presses of the electric fusion weld mill at the 
Chelyabinsk works are described. 


Experimental investigations of the strains and defor- 
mations in the basic components of crank drive presses. 
D. M. ABAKSHIN. Pp. 23-30. 


The research shows that the rigidity of all-welded 
columns is greater than that of cast-iron assembled 
columns, and that all-welded columns are 30-38", 
lighter. The deformation of the former is about 
20°,, of the overall deformation of the press, while 
the figure is 30-40", for the latter. The deformation 
of the crank drive mechanism represents about 
60-70°,, of the total and is the weakest part, and 
the best way 'o improve the rigidity of a press is 
to increase the rigidity of the weakest component 
of this part of the press. 


Increasing the strength of fillet unions of cylinders 
with flanges. B. A. MOROZOV, V. V. VASIL’EV and V. YA. 
LYUBIMOV. Pp. 31-32. 

These unions are a weak point on steam-hydraulic 
presses, due to the development of fatigue cracks 
in the area of the fillet with subsequent fracture of 
the flange. A new method is suggested for cal- 
culations of the stresses in the transition cross- 
sections from the cylinder to the flange. This 
leads to a change in the design of the main cylinder 
of such presses, which has been found in practice 
to increase the working life. 


A two-position cold upsetting press in a new automatic 
line. A. N. GLADKIKH and N. I. MASLENNIKOV. Pp. 
32-35. 

The cold upsetting press is a single-stroke press in 
a line producing bolts with a mechanically worked 
hexagon head at the ‘ Red Etna’ Works, which also 
includes a knurling machine. The press is described 
in detail. 


Consumption of electrical energy for the induction 
heating of billets in forge sheps. N. V. BELYAEV. Pp. 
36-39. 

An examination is made of the specific consumption 
for the heating of typical forging billets for common 
engineering parts, based on many years’ operational 
experience at a Russian works, and also of the 
factors influencing such consumption. 


Mechanization of the preparatory section of a press 
shop. L. $. SAGATELYAN and L. M. TSIRIK. Pp. 39-41. 
Information is given concerning lift tables for 
guillotine shears and removal conveyor mechanisms 
for sheet billets. 


Hot stamping of covers for sundry plant from welded 
packet billets. B. N. SHEVELKIN. Pp. 42-43. 
Stamping of elliptical thin-walled covers from 
carbon sheet presents great difficulties where the 
continued on page 486 
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Production of mechanically-worked 


components from special alloys of 


limited forgeability 


DR. ZDENEK EMINGER and V. PAUR 


A method is described which makes possible the production of components with 
properties intermediate between forgings and castings. In particular, it makes 
possible the forging of alloys of limited forgeability by using as-cast shapes as the 
initial material for the forging. The method was first given in ‘Hutnické Listy, 
1960, 15 (9). The authors are at the Lenin Works at Pilsen 


THE PRODUCER OF Creep-resistant materials intended 
for the manufacture of structural components of 
gas turbines for aircraft, locomotives and stationary 
engines is presented with conditions which become 
proportionately more arduous in accordance with 
the increasing demand of the designer to raise 
their working temperatures, loads and economic 
period of service. Today, the required materials 
must be structurally stable, not subject to embrittle- 
ment, chemically resistant to an active medium of 
combustion gases, and creep-resistant at tem- 
peratures from 600-1,000°C. At the same time 
the materials, for instance in stationary combustion 
turbines, must maintain suitable properties for five 
to ten years. 

These demands can be met only by special 
austenitic alloys. The main component of such 
material destined for service at high temperatures 
must have as high a melting point as possible in 
order to withstand the thermally activated actions 
of the mobility of the atoms. Since both the 
economic and the technological aspects enter into 
consideration for the choice of the chemical com- 
position, nickel and cobalt form the main com- 
ponents of these alloys. Apart from these, iron 
also enters into consideration. But hitherto it has 
been used only exceptionally for development, at 
the Lenin works,' e.g. in alloy vz 60. 

The greatest use is made of nickel-base alloys, 
primarily because nickel by its close-packed cubic 
structure, which is unchanged from normal tem- 
perature up to the melting point, affords the 
assumption that very high creep resistance will be 
attained. By comparison with Co and Fe, nickel 


also has very high resistance to oxidation at high 
temperatures. 

It may be considered that the basis of this group 
of materials are Ni-Cr alloys, which normally 
contain about 20°, Cr. Research work during 
recent years has led to the finding that an improve- 
ment in the properties of austenitic alloys can be 
obtained by further complex alloying. The impor- 
tance of complex alloying can be perceived in 
elements which form carbides, thus strengthening 
the basic alloy. For elements which are in solid 
solution in the matrix, the hypothesis has been 
propounded that the greater number of atoms of 
varyipg dimensions, distributed in the crystal 
lattice, will place greater obstacles in the path of 
the dislocation movements than would Se presented 
by a structure with only two different types of 
atom.” 

As the most important alloying elements at the 
present time we may indicate Ti and Al, which 
form hardening phases: the intermetallic compound 
of stoichiometric proportions, Ni, Ti (~-phase) and 
the compound Ni,Al (y'-phase) with a widely 
variable composition, which is isomorphous with 
the y solid solution. Apart from these elements, 
use is made of W, Mo and also, in small quantities, 
B, Zr and other elements. 

Today, there exist a great number of special 
NiCr and CoCr alloys, modified with Al, Ti, Mo, 
W, B, Zr, etc., in very different proportions and 
quantities. In these alloys iron is for the most 
part considered to be an impurity (max. < 3°). 
Exceptionally it is used as an alloying addition up 
to 15°.) 
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1 Comparison of the 
character of normally 
produced rolled billet a and 
a billet cast into water-cooled 
moulds b: a fibrous structure 
—mechanically-worked 
material; b granular 
structure—cast material 
moderately reduced 


The chemical composition of the individual alloys 
is chosen in such a way as to ensure the attainment 
of the highest possible values required for the 
operation of blades, discs, nozzles or jets, flues 
and other components of gas turbines, for instance. 
Often the situation arises where the addition of 
elements or combinations of elements acting 
favourably for instance in relation to creep resis- 
tance, impact strength or resistance to embrittle- 
ment, at the same time act very unfavourably on 
certain technological factors, for instance, castability, 
forgeability, weldability, etc. Hitherto it has been 
possible to produce either castings or forgings from 
these alloys. In the following paper we shall 
mention a basically new production process, which 
in certain instances makes it possible to employ 
alloys with even very limited forgeability, whose 
properties in the as-cast state do not completely 
satisfy requirements. 


Cast and forged states of alloys 

In many instances it seems economic to change 
over from hammer and press forgings to castings. 
This change-over, however, can only be made if 
the casting fulfils all the demands placed on it in 
service. In our undertaking, castings have already 
been used in many instances instead of forgings 
with complete success. To illustrate, let us mention 
tools, especially cutters, from free-cutting steel,’ 
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combined crankshafts,' guide blades of steam and 


gas turbines, etc. In recent years a method has 
been evolved, the aim of which is directly to use 
for the production of pressings and rolled products, 
pieces cast into water-cooled moulds in accordance 
with the method of Holub.° 

There are many properties which differentiate 
steels or special alloys of the same chemical com- 
position in the cast or the forged state. These 
change often in relation to the type of steel or 
structure. Certain of the basic properties, which 
distinguish the character of cast from mechanically- 
worked structural components, may be considered 
to be generally valid. These can be summarized 
as follows: 

A mechanically-worked structure is always 
fibrous, a cast one is granular without fibres. 
Mechanically-worked materials always have differ- 
ing mechanical properties in the longitudinal and 
transverse direction in relation to the orientation 
to the direction of the fibres, while cast structures 
have the same values in all directions. 

As a general rule, values of the mechanically- 
worked materials, namely those which characterize 
the plastic properties, are higher in the longitudinal 
direction of the fibres than the values for the cast 
materials, where the chemical composition remains 
the same. 

In certain instances, however, the values for 


2 Final character of the fibres of a crankshaft, press forged from a normal billet (see la 
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4 Main dimensions of runner blade A 


the mechanically-worked material in the transverse 
direction are lower than the same values for the 
castings in any given direction. 

By its nature, the cast structure is in general 
better equipped to withstand creep at higher 
temperatures, resists wear better, especially if a 
surface, fine-grain layer is preserved, and it generally 
has better heat resistance. 

A mechanically-worked structure is more homo- 
geneous, normally tougher, and has higher iatigue 
limit values under dynamic methods of loading. 
The internal damping capacity of mechanically- 
worked material is lower than that of cast.® 

Pressings and forgings show less variation in 
their values from melt to melt than castings, and 
control of their quality is more reliable. In view 
of the fact that the production of castings presents 
an advantage in a saving in costs, a reduction in 
the consumption of charge materials, a shorter 
production cycle, a saving in machining and is 
theoretically unlimited in size and shape, the 
attempt to replace pressings by precision castings 
to the widest possible extent is completely justified. 
This trend is being investigated at the Lenin Works 
in Pilsen, and the results will be published elsewhere. 

Sometimes, however, a cast structure does not 
fulfil all the conditions required from the operational 
point of view. For instance, precision castings of 
turbine runner blades, which are satisfactory in 
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5 Shape and character of runner blade A after 
machining 
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7 Assessment of the forgeability of steel CSN 11600 — 
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3 Final character of a crankshaft, press forged from a billet cast into a water-cooled mould (see 1b 
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8 Main dimensions of the as-cast shape for bladz A 
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10a _ Press forging for blade A before trimming 


respect of all other properties, do not always reach 
the required fatigue-limit values. At other times, 
a material is developed which is most suitable for 
operation on the basis of its properties in the 
mechanically-worked state, but its forgeability is 
very limited, thus placing on plant and management 
in forge shops exceptional demands, and bringing 
to production considerable operational hazards. In 
such instances the use of castings is dangerous, 
and that of forgings is difficult. From the operational 
aspect it would sometimes be ideal if a turbine 
runner blade were produced by a technology, 
whereby certain parts possessed the advantages of 
both a cast and mechanically-worked structure. In 
the root, where the requirement of dynamic load- 
carrying capacity is predominant, a mechanically- 


11 Macrostructure of precision cast blade A 
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9 As-cast shape for blade A as made ready for press 
forging 





10b Press forging for blade A after trimming 


worked structure would therefore be suitable. In 
the upper part, the fin, where above all creep at 
high temperatures and wear on the blade apply, 
a cast structure would on the other hand be most 
suitable. 

These facts led to the development of mechanical 
working of structural parts from castings or as-cast 
shapes. 

Basically we shall follow two possibilities : 

(a) Normal production of drop-forgings from 
pieces cast into water-cooled moulds and not 
further mechanically worked. This method, 
intended above all for the working of structural 
steels, has been investigated by Holub, and will be 
published on completion. In fig. 1 for information 


the macrostructures of cast and rolled materials 
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are compared, and in figs. 2 and 3 are compared 
sections of forgings of the same crankshafts pressed 
from cast and rolled billets. The specimens 
confirm the earlier presented comparison of the 
properties of the structures. The mechanical pro- 
perties of the crankshafts pressed from cast billets 
were the same in all directions, and all of them 
higher than the values of the shafts obtained in 
the direction at right angles to the fibres (transverse 
values). 

(6) Production of pressings from as-cast shapes 
in alloys with low forgeability. 


Production of pressings from as-cast shapes 


The principle of the production process is very 
simple. For the production of a drop forging use 
is made not of a sheared, mechanically worked bar, 
as is Customary, but of a casting, the shape of which 
is so machined that the final nature of the structure 
shall be the best possible. The method follows 
best from examples. The aim, for instance, is to 
produce a gas turbine runner blade (figs. 4 and 5) 
from the special, creep-resistant alloy, vzU 60, of 
the following composition: 0-08-0-12°,, C, max. 
0-30°, Mn, max. 0-80°,, Si, 17-00-19-00 Cr, 
max. 15-00°,, Fe, 1-50-2-50°,, W, 1-80-2-50°,, 
Mo, 0-80-1-50°,, Ti, 0-30-0-80°,, Al, balance Ni. 

The properties of the alloy, which has proved 
satisfactory for the production of gas-turbine 
castings operating at up to 700°C., are described 
elsewhere.’ 

In certain special instances the fatigue limit value 
corresponding to the cast state is no longer adequate. 
As Vodsed’alek® has shown, the fatigue limit value 
is dependent to a considerable extent on the grain 
size, which is always greater in a cast alloy than 
a forged one. 

In fig. 6 is shown an assessment of the forgeability 
of alloy vzU 60, which in our institute we carry out 
by means of cast tensile-test pieces within the 
limits of +20 to +-1,300°C. The criterion of the 
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forgeability is the plot of the mechanical property 
values, especially of the elongation and reduction 
in area, and also the plot of the magnitude and 
nature of the resistances to deformation (work 
done in deformation). If we compare the forgeability 
defined in this way of alloy vzU 60 with the forge- 
ability of carbon steel Csn 11600 (fig. 7), the forging 
of which in technical practice does not create 
difficulty, we are able to observe that vzU 60 is an 
alloy which has only very limited forgeability. This 
was confirmed in practice, since forging of ingots 
of this steel into bars was practically impossible. 
In this instance it was not therefore feasible to 
attain a high fatigue limit by a change-over from 
the cast to the mechanically-worked state. A change 
to another alloy would lead in the iven instance to 
an increase in the cost of production. For pressings, 
therefore, a casting was taken as the initial material ; 
its shape is shown in figs. 8 and 9. By development 
of the casting of as-cast shapes for forging, carried 
out by MaiSek,® the conclusion was reached that 
for their production it is possible to use all foundry 
methods known today. The casting was then 
press-forged by the normal method in a die with 
a tup and trimmed (fig. 10 @ and 6). 

If we compare the structure of a precision-cast 
blade from the same alloy (fig. 11) with the structure 
of the press forging from the as-cast shape (fig. 12), 
we at once observe a considerable difference. As is 
evident from the macrostructure in fig. 11, the 
press forging from the cast shape forms an inter- 
mediate step between castings and forgings normal 
today, produced from forged bars. The structure 
of the root, where a high fatigue limit is required, 
has the character of mechanically-worked material, 
and on the spherical surface, which is subject to 
more considerable wear, the cast structure is in 
essence preserved. 

As the course of the Wohler fatigue plots shows, 
the value of the fatigue limit (plastic fatigue 
strength), determined directly on the blades, in- 


12 Macrostructure of press forging of blade A produced 


from an as-cast shape 
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13. Comparison of the fatigue limit curves at +20°C., 
obtained from precision cast blades and blades press-forged 
from as-cast shapes. 

Top curve, press forging from as-cast shape; lower curve, 
precision cast blade 


creased considerably by this method (fig. 13). At 
the same time, in agreement with table 1, a favour- 
able influence was apparent on the mechanical 
property values, which were determined on test 
pieces machined directly from the cast or press 
forged blades. Fig. 14 records the results of notch 
micro-impact strength tests carried out over the 
whole longitudinal cross-section of the blade. 
Here also it was shown that the results obtained 
are very homogeneous. The described method 
makes it possible even in the special instance to 
use casting alloy vzU 60, which is advantageous 
from the raw material and price aspect, but has 
limited forgeability. At the same time a substanti- 

















5 Main dimensions of blade B 


16 Form of the as-cast shape for blade B with riser after 
removal from the casting mould 
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14 Plot of the values obtained from micro-impact tests 
in the two structurally different areas (I, II 


TABLE 1 Comparison of the mechanical tests carried out 
on blades at +20°C. Mechanical working produced 
substantial strengthening which also had an effect on the 
higher fatigue limit. The impact strength of the material 
also rose 


Blade 
Press-forged 








Value Cast | from as-cast 
shape 
U.T.S., kg. mm.* — 40-53 73-05 
Yield strength, kg. mm.* 19-60 35-84 
Elongation, 4 is oo) eS 31-45 
Notch impact strength, kg.m. 
cm.* rT ° 7 i 9-43 10-93 





The values are taken as the average of several tests. 


ally higher fatigue limit was reached as opposed 
to the earlier castings produced from the same alloy. 

The second example is given to portray the 
technique used. For the shaping of the blade 
shown in fig. 15, as-cast shapes were cast, the 
rough form of which, including the riser, is shown 
in fig. 16, and the machined form in fig. 17. The 
blade was forged in a press from the rough casting 
by the normal method in two operations and 
trimmed (fig. 18). The character of the macro- 
structure is evident from fig. 19. In view of the 
fact that the degree of forging was low and another 
method was chosen for forging, the cast structure 


17 Form of the as-cast shape for blade B in the final, 
rough-machined state before press forging 
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18 Press forging of blade B: a, discard after the first operation and trimming; b, trimmed piece; c, forging after the second 


operation; d, final trimmed forging 


was less destroyed than in the first instance. The 
choice of the method can be adapted to operational 
requirements, 

A third instance was also tried out, in which 
a precision casting was used as the initial material 
for the production of blades. In part of the root 
there was an addition for forging. In this instance 
it was possible to obtain a product in which the 
blade preserved the character of a casting and the 
root of a forging. 


Conclusions 

In technical practice use has hitherto been made 
of castings or forgings. In practice we have shown 
a third method which makes it possible to produce 
structural components, which lie between them in 
relation to their character and properties. At the 
same time, it is possible, in accordance with the 
selected method, to approximate to castings or to 
forgings, or to produce in one forging parts with 
a cast, and parts with a forged, structure. The aim 





of this paper is not to propagate the introduction 
of this method into current practice. It is also 
necessary to stress that the suggested method is 
a special one. It is always advantageous, if we can 
use a casting or forging, as is normal today. But 
the information can nevertheless be of value to our 
scientists in certain special instances, especially 
when a precision casting is completely unsuitable, 
or the available material has completely limited 
forgeability. We believe that the knowledge that it 
is impossible to obtain in a single structural com- 
ponent in various areas the advantages of a cast 
and forged structure will interest certain operatives, 
and that it will be further studied and developed. 

By the methods described a large number of 
forgings have already been produced under normal 
production conditions with the use of ordinary 
metallurgical and forging equipment. Such forgings 
also already fulfil their function in service. 

From the economic aspect it is necessary to 
choose accurate castings in all instances, where they 


19 Macrostructure of blade 
B, with a low, overall degree 
of forging 
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are operationally suitable and can replace forgings or 
machined components from forged bars. 

In an instance where accurate castings do not 
fulfil requirements in a certain direction, it may 
be recommended that the quality of an accurate 
casting should be improved by mechanical working, 
either in the whole structure or in a certain part 
of it, preserving the cast structure in the remaining 
part, in which a cast structure is functionally 
advantageous. 

For materials with limited forgeability, where the 
production of bars from ingots creates difficulty, 
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‘THE application of heat is an essential factor in a vast 
number of manufacturing processes. This film examines 
some heavy engineering industries where it is shown that, 
despite the size of the projects, precision, careful process- 
ing and the maintenance of the highest standards are as 
necessary to the attainment of quality as in the finest of 
skills 


Processes included are gas carburizing, flame hardening 


and other heat treatments showing fully automatic 
methods which are employed in the production of 
Timken bearings and the massive Ruston-Bucyrus 


excavators, plate heating for fabricated pressure vessels, 
slab heating and associated processes in the manufacture 
of wide stainless-steel strip 

The film is intended for audiences with some technical 
knowledge and will interest meetings of engineering 
societies and other technical institutions. It will be of 
value to upper forms in secondary schools. It is a model 
of how this kind of film should be made—free from 
disturbing background music and facetious commentary, 
it really does instruct. 


The Gas Council, 1 Grosvenor Place, London, 
S.W.1; 16-mm. sound and colour, 17 minutes’ running 
tume 
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it may be recommended that as-cast shapes should 
be used as the initial material for forgings. 


References 

1) Zd. Eminger and J. Krumpos, ‘ Special Creep-resistant Casting 
Alloy, Skoda vzu 60, for Temperatures over 600°C.,’ Czecho- 
slovak Patent 90,182 (1957 


2) W. Betteridge, Hutmické Listy, 1959, 14 (12), 1133 
3) Zd. Eminger and V. Kodelev, ‘ Cast Tools.’ Artia, Prague, 1957 
4) J. Novak, hitherto unpublished paper (ZVIL, Pilsen 


5) Zd. Holub, ‘ Casting of Billets into Water-cooled Moulds,’ 
research report, TIZ 662, 1960 

6) J. Vodsed’alek et al., Slévdrensrvi, 1960, 8 (4 

7) Zd. Eminger and J. Krumpos, /bid., 1959, 7 (7), 184-187. 

8) Zd. Holub, ‘ Forgeabiliry Tests, Steel and the Designer (Ocel 


a konstruktér),’ Symposium, T.V., Prague, 1952; V. Paur, 
hitherto unpublished paper (ZviL, Pilsen 
9) V. Magek, hitherto unpublished paper (zv1L, Pilsen 


Carborundum films 

The Carborundum Co. Ltd., Trafford Park, Manchester, 
makes several industrial films every year, and its film 
‘In the rough” won an award at the recent Industrial 
Screen Film Festival. The company’s three latest films 
deal, respectively, with ceramic-tipped tools, refractory 
materials, and grinding wheels. 

* The winning tip’ deals with one of the most startling 
developments in modern mechanical engineering, the 
use of the ceramic-tipped cutting tool, for which consider- 
able savings in time and costs are claimed. 

Latest of the Carborundum control films, ‘ Heat in 
harness,” demonstrates how modern refractories serve 
the many industrial processes calling for precise control 
under high temperatures. From a modern research 
laboratory furnace to the baking of bread—from flame-out 
prevention devices in jet engines to the firing of fine-art 
pottery—the colour-camera passes over a wide and 
fascinating field. The finishing of racing car gears and 
astronomical mirrors to tolerances of less than 1 micro- 
inch is featured in ‘ To be precise. ’ 

The three films are in 16-mm. 
Each runs for approximately 25 min. 


sound and colour. 


Tool and die steels 

The film opens with a series of operations showing the 
use of tool steels in a variety of 
applications—hot extrusion, hot 
stamping, pressure die casting, 
plastic injection moulding, com- 
pression moulding and cold form- 
ing and trimming of sheet metal. 

Following this introduction, the 
film traces the sequence of manu- 
facture of too! and die stee}s—from 
t.e melting of the steel, thro.;gh 
the many hot working and testing 
operations, to the inspection of the 
finished product. 

The concluding sequence shows 
how blocks of steel are transformed 
by the toolmaker into intricate dies 
and moulds. 

There is some fine photography 
and some of the press forging 
sequences are well caught (see 
illustration). 

Jessop-Saville Ltd., Brightside 
Works, Sheffield; 16 mm. sound 
and colour, 25 minutes’ running 
time. 
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Toolmaking by spark erosion 


P. J. C. GOUGH, B.A.(Hons. Oxon.), A.M.I.E.E. 


Many aspects of electrodes for the spark erosion process are discussed, including 
materials, manufacture and positioning. The author is chief designer, Solar Weld 
Languepin Ltd., Burnley, Lancs. 


THE suBJECT of this article covers too wide a field 
to deal with all the aspects of application within the 
scope of a single treatment. Quite apart from the 
development work being undertaken by the author’s 
company and by our French colleagues, the range 
of work with spark erosion covers almost every 
branch of engineering, including in particular the 
forging die, pressure die casting, plastic moulding 
and glass moulding industries. 

The machine on which most of our more accurate 
work is done is the Seleromat ‘ B,’ which has its 
servo-controlled electrode carrier mounted on 
a co-ordinate slide assembly enabling the electrodes 
to be positioned to an accuracy of +0-0003 in. 
over any station of the worktable, the size of which 
is 25 = 20 in. 

The base of the machine is of welded steel con- 
struction and incorporates a supporting structure 
for the worktable, the housing for the 100-gal. 
dielectric-oil tank, and the associated tank raising 
and lowering mechanism. The tank completely 
surrounds the worktable and is raised and lowered 
electrically through push-buttons on the front of 
the machine; the tank raises with the dielectric 
until it submerses the workpiece and the electrode, 
and at the conclusion of the machining operation 
lowers with the dielectric so that workpiece and 
electrode are freely accessible. The necessity to 
fill and empty the tank as an integral part of each 
erosion operation is thus eliminated. The requisite 
levei of dielectric fluid in the tank is maintained 
automatically by a pump housed at the rear of the 
machine base, and an electrical interlock prevents 
the transmission of power to the electrode unless 
the workpiece and electrode are immersed in the 
dielectric. 

A centrifugal fan driven by its own electric 
motor is also housed at the rear of the machine 
base. The inlet tract to the fan is flexible trunking 
which enables the extractor inlet to be placed 
adjacent to the electrode to capture the erosion 
fumes. The fan exhausts through the rear wall of 
the machine base into suitable ducting to carry 
the fumes away to atmosphere. 


The worktable, which will accommodate work- 
pieces weighing up to 1 ton, has two T-slots to 
take clamping bolts, but these are required only 
for steadying the workpiece against accidental 
movement because no mechanical loads are imposed 
by the erosion operation. 

The servo-controlled electrode carrier, which 
has a total vertical movement of 4 in., is controlled 
by a dic. split-field motor working through a 
reduction gear-box. The signal to the motor is 
obtained from a d.c. amplifier, the input of which 
is obtained by comparing the voltage drop across 
the spark-gap with a reference voltage. 

The spark generator which is used with the 
Seleromat ‘ B’ machine is capable of erosion rates 
of 2,000 mm.* and above. Power is derived from 
a single-phase alternator, the output frequency of 
which is 2:5 kc./s. The output voltage is tuned 
to a predetermined value and coupled across a 
full-wave rectifier bridge. The output from 
the bridge is fed direct to a condenser bank 
which, in turn, discharges across the gap between 
electrode and workpiece, By means of a heavy-duty 
switch it is possible to select one of four different 
outputs which allow erosion rates from 2,000 mm.* 
down to 2 mm.* to be used. Erosion rates lower 
than this, depending on the suitability of the 
electrodes, can be obtained if very fine surface 
finishes are required. 


Electrode materials and manufacture 

The choice of electrode material for any par- 
ticular erosion task is one for which almost everyone 
who is working with spark erosion today would 
appear to have their own technique of solution. 
In the event, the choice must necessarily depend 
on the work which is to be undertaken, and economy 
is likely most frequently to be the first consideration. 
Copper, although not the cheapest of electrode 
materials, usually produces the best results and, 
therefore, finishing electrodes are almost always 
made from this material. 

Of the various ways in which electrodes may be 
constructed, milling from bar or from rough castings 
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is probably the easiest, providing that the electrode 
shape is of a kind that allows milling in the con- 
ventional manner rather than copy-milling. My 
company has found that it is not always easy to 
obtain cheap, good-quality castings in copper, and 
we have therefore often used phosphor-bronze 
whic” is easier to cast and gives very good results. 

It is our experience that if copy-milling or 
complex milling operations are necessary, it is 
often worth while attempting to form the cavity by 
making up a number of discrete electrodes which 
together form the entire cavity. Where copy- 
millers are available, however, it is frequently quite 
easy to construct a model of the cavity required, 
which can be used as the copy-form for producing 
a number of similar electrodes. It is recommended 
that the model for a copy-miller should be made 
in copper, or the electrode material, for not only is 
it easier to produce the male form of a cavity, but 
the form so produced can be used as a further 
model from which plaster moulds can be made and 
into which copper can be sprayed. Sprayed 
electrodes are cheaper than those machined from 
the solid, and consequently it is more economic to 
use these to produce most of the cavity, leaving the 
original mode! for use in the final finishing operation. 


For deep, complicated cavities a minimum of 


three to four electrodes are required. The sizes 
of these have to be adjusted by acid etching to suit 
the various erosion rates which are employed in 
forming the cavity. It is, of course, far better to 
spend more time in the region of high erosion 


rates, thus keeping to a minimum the amount of 


time spent producing the final finish. Wherever 
possible it is more expedient to remove as much 
metal as possible by conventional techniques before 
applying spark erosion, but naturally this is not 


By erosion-machining the 
by conventional methods die- 


1 Cold-stamping die for cutlery 
die production time 1 
making takes 


20 A. : 


50h 
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the case when hardened steels are being used. In 
these instances it is usually better to ‘ rough-out’ 
the cavity first, harden, and then carry out the 
spark erosion operations. This eliminates the 
possibility of distortion and cracking which some- 
times occur when a finished die is hardened. 

When the dimensional accuracy requirement is 
less than +0-001 in. the maximum economy may 
be effected by the entire use of sprayed electrodes. 
if a steel mould is already in existence, spraying 
presents no problems, but if one is starting with 
a new die, then one is faced with the problem of 
making a model of the cavity in wood, Perspex or 
metal, and from this model forming the plaster 
moulds into which the copper is sprayed. Whether 
produced from a plaster mould or a steel mould, 
sprayed copper electrodes lend themselves very 
easily to the insertion of copper or brass pipes 
which can be used for dielectric fluid injection. 
Our experience is that sprayed copper electrodes 
work very well, and the loss of electrode by erosion 
is no worse than that which applies with copper bar. 
Our French colleagues have perfected the art of 
producing plaster moulds, and they are now in 
a position where they can produce from a single 





Hot brass 
for the cavity and the 
eroded die-set is 9h 


2 ABOVE stamping die set together with electrodes 
flash gate. Production time for an 


for a normally made set it is 20 h 


3 BELOW Brass stamping die with component on left and 
electrode on right. This die was spark eroded in 44 h. by 
comparison with the normal production time of 11 h. 


december, 1961 





4 Forging die for lock spindle together with typical forged 
electrode. The production time for eroding this die is 1 h. : 
by normal means the production time is 44 h. 


model a number of plaster moulds, the dimensional 
accuracy and surface finish of which are as good as 
those of the original model. 

Copper is sprayed into these moulds cyclically in 
batches; that is to say, seven or eight moulds are 
taken together and sprayed in cyclic sequence. To 
ensure that the temperature of the copper is kept 
low, a smal] amount is sprayed into each mould in 
turn so that by the time the cycle is complete the 
copper has cooled in readiness for the next cycle of 
spraying. The process is repeated until a sufficient 
thickness of copper has been built up in each mould 
—usually an overall thickness of 0-1 in. is enough. 

Perhaps the most significant work yet under- 
taken by the author’s company, which illustrates 
the way in which a large number of simple shape 
electrodes can be used, is the construction of a 
gravity die mould which was produced for one of 
our associated companies for the main body of 
a hand tool. From their experience it is now 
obvious that dies made in Nimonic will last as much 
as three times as long as dies made in conventional 
tool steel, and it was therefore decided in this 
particular case to use Nimonic 80. It is significant 
to note here that this die was produced entirely by 
spark erosion, and over 60 electrodes were used in 
the construction of both halves. The total time 
taken to make these 60 electrodes (of comparatively 
easy shape) was 300 h., this including the time 
taken to produce the jigs and fixtures to hold the 
electrodes. The total time taken to produce this 
die by conventional techniques has been established 
at 680 h., whereas the time taken to produce a single 
die-set by spark erosion is 470 h. 

In the drop-forging field, of course, the need for 
repetitive dies is very much greater than applies 
with die casting or with plastic moulding, and the 
question of electrodes is a relatively simple one. 
Existing steel dies can be used as patterns for 
sprayed electrodes, or electrodes can be forged and, 
providing care is taken during the forging of the 
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5 Spark-eroded clipping tool for removing the flash from 
lock spindles forged with the eroded die shown in 4. 


electrodes, then good cavities can be produced. 

Electrode materials vary for different machines; 
in some cases aluminium is quite a good material 
and results are such that performances can be 
obtained which are equally as good as with copper. 
In other cases cast iron can be used with very good 
effect. Copper-tungsten is reputed to produce the 
best effect when especially high precision is required, 
and it possesses the advantage of having a very low 
erosion rate. The price of copper-tungsten is 
about eight times that of copper. 


Electrode application 

The way in which electrodes are located and 
used is as important as their manufacture, and a 
great deal of success and, in particular, speed of 
operation depends on this. With most cavities, 
and especially re-entrant cavities, dielectric injection 
is essential. This must be used in such a way that 
clean dielectric fluid is injected into those regions 
of the spark gap where the products of erosion can 
accumulate. It is also worth noting (and this is 
not so well known) that it is occasionally of use to 
provide in the electrode a somewhat larger hole 
which will allow the escape of exhaust gases trapped 
in the spark gap. 

When dielectric injection and exhaust holes are 
used, a number of ‘ pips’ will be left in the cavity 
after the first electrode has beea used. These 
‘pips’ may be removed by the next electrode by 
re-positioning the injection and exhaust holes. 
When a number of electrodes are used, this process 
can be repeated until the final stage is reached 
when a ‘ pip’ of only 0-001 in. or 0-002 in. will 
remain. These final ‘ pips’ can be removed by 
grinding or, if they are in positions where grinding 
is not possible, small electrodes can be made which 
can be used to erode the ‘ pips ’ to the final surface 
of the die. 

A further method whereby the products of 
erosion may be assisted from the gap is by vibrating 
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the electrode. This can be done by mounting the 
electrode carrier on a vibrator, the oscillations of 
which are restrained to the vertical plane. The 
effect of the oscillation is to produce a pumping 
action which, in turn, produces compressions and 
rarefactions in the spark gap; the resulting agitation 
pumps away the eroded debris, and is usually 
quite sufficient to remove the heaviest erosion 
products from the spark gap. 


Spark-eroded surfaces 

The surface finish which is obtained from an 
electrode depends entirely upon the surface finish 
of the electrode itself. and our experience shows 
that, if sufficient care is taken in preparing the 
electrode surface, finishes of the order of 0-5 
microns can be obtained without difficulty. 

We have conducted some tests on the surface 
structure produced by our own spark erosion 
machines, and our findings confirm previous 
experiments which establish that a spark-eroded 
surface consists basically of four layers. Micro- 
hardness tests reveal the disparate variation from 
the parent metal to the outer skin or surface. It is 
questionable whether the hard surface produced by 
spark erosion js a detriment since most work- 
pieces are produced with the die in the hardened 


Effect of structural changes, etc. 
LUBOMIR CIZEK, DR. JAROSLAV JEZEK AND JOSEF VOBORIL 


Concluded from page 442 of the article which appeared last 


month 
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state and, therefore, any additional work which has 
to be done is normally done by grinding, and the 
change in hardness between the surface structure 
and the parent metal would consequently be very 
difficult to establish. French experience supports 
our own view that this surface hardness is in no 
way detrimental to the performance of a die, and 
in drop-forging work the extra hardness is possibly 
an advantage. 


Conclusions 

The author personally holds the belief, as do his 
colleagues in France and at the home company, 
that spark erosion is a process that will become 
a natural part of toolroom procedure. We also 
believe that there is much development still to be 
done in the production of dies and tools and, in this 
respect, we hope to be able to produce a machine 
which will, in fact, take its place alongside the 
tape-controlled milling machine. 

The stage is foreseen where non-consumable 
electrodes will allow a programme for the movement 
of the electrode over a surface in order to produce 
a cavity which is as complex as any which can be 
produced today, but which will not require the 
complexity of electrodes which, in certain difficult 
applications, is unavoidable today. 


Russian forging journal 


concluded from page 474 


diameter of the billet is more than 160 times its 
thickness. The article describes the production of 
such covers from stainless and acid-resisting steels, 
titanium, etc., with ratios of the diameter to 
thickness exceeding 800-1,000. For the stamping 
operation a tack-welded, composite billet is used 
consisting of the billet to produce the finished 
component, sandwiched between two billets of 
carbon steel, whose ratio does not exceed 160. 
After stamping, the three stampings from the 
composite billet are parted. 


A die for punching apertures. A. G. KOKIN. Pp. 43-44. 
Production of meat mincer cutters previously 
required three operations: (1) blanking of a billet 
of 59 mm. dia., 6 mm. thick; (2) punching of an 
8-mm.-dia. aperture and of a 4-mm.-wide slot; 
(3) drilling of 48 holes of 4 mm. dia. The author 
describes his own die for simultaneous punching 
of the aperture, slot and holes in a single operation. 


The wear resistance of caprone sleeves used on hydraulic 
presses. N. V. DREVAL’ and V. I. ISEKOV. Pp. 44—45. 
Leather sleeves may advantageously be replaced by 
sleeves of caprone + 25°,, BaSO,. Comparative 
lives are 10-12 days and 2 months respectively. 
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The cold extrusion of steel 


R. A. P. MORGAN, O.B.E., M.I.Mech.E. 


The relatively new field of cold extrusion of steel is surveyed in this article* and 
its techniques discussed with many practical examples. Mr. Morgan is Engineering 
Director of the War Department. Superintendent, R. O. F. Birtley 


concluded from last month 


Analysis of the degree of strain and hardening 
of an extruded cylinder 


A COMPONENT was made by single impact from 
a cylindrical billet to the proportions and hardness 
figures shown in fig. 29. 

It is interesting to note the pattern of hardness 
figures which follows the strain pattern on the 
material, which is illustrated clearly by analogy 
with the four stages of extrusion of a laminated 
plasticine billet (fig. 30). 

It is also interesting to note the degree of elonga- 
tion which each particular part of the surface 
receives during extrusion. To determine this, a grid 
was engraved on the cut face of a longitudinally 
sectioned billet which was then extruded. It was 
not practicable to photograph the deformed grid, 
but fig. 31 illustrates the results obtained. 

On the left of fig. 31 is a diagrammatic represen- 
tation of the billet. The vertical markings A-J 
are shown in full and the resultant pattern after 
extrusion is on the right. For clarity, the horizontal 
markings shown (S-Z) on the billet (left) are the 
original boundaries of the various degrees of 
surface elongation found after extrusion (right). 


*Article based by the author on his lecture given at 
the Wolverhampton and Staffordshire College of Tech- 
nology last March at a two-day symposium on ‘Cold 
flow forming.’ The article, published in three parts, is 
concluded in this issue of METAL TREATMENT. 


For this extrusion the material used has been 
G:08°,, carbon steel and commercial mild steel 
(STA/5.V3), typical analysis being: 














c% {Mn %} Si% | S% | Pé 
Low-carbon 
steel .. 0-08 | 0-12 | 0-07 | 0-020 | 0-016 
Mild steel.. | 0-21 | 0-42 | 0-20 | 0-041 | 0-036 


The strength characteristics of these steels are 
shown by the mechanical test results, before and 
after extrusion, in table 4. 

The tests in the extruded condition were from 
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29 Proportions and hardness figures of component made 
by single impact from cylindrical billet 


Tasie 4 Strength characteristics of two steels, before and after extrusion 











Y.S. U.T.S. Elong. ' R. of A. Izod Hardness 
tons sq. in. tons/sq. in. 4VA ‘ ft. /Ib. V.PLN. 

Low-carbon steel: 

Annealed ss 14-1 24:3 45 65 80 108 

Extruded ma , 48-3 49-3 24 46 28 me 

Extruded me = 50:0 50-8 16 46 5 ined 
Mild steel: 

Annealed oa ; 15-2 25-2 40°5 68 78 122 

Extruded ; ‘ 51-8 52-7 23 45 29 atte 

Extruded i 52-8 53-0 23 44 48 _ 
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32 Single-shot extrusion of a shell body 


miniature test pieces cut from the walls of the 
tubes, the hardness of which shows considerable 
variation, as has already been shown. This factor 
is probably responsible for the variation in elonga- 
tion and particularly in impact values, where it has 
been shown that the result can vary with the 
position of the notch in relation to the more heavily 
worked inner surface of the tube. 


Punch loading obtained in practice 

Some important figures on punch loading are 
recorded in the following notes relating to the 
single shot extrusion of a shell body shown in fig. 32. 
This work was carried out on two steels, namely: 





P Ni Cr Cu 





0-02 





0-055 0-020 0-09 0-04 0-05 





0-07 


0-02 0-016 0-20 0-15 0-33 
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SPECIMEN Ba.erTr At BI 
TEMPERATURE - Zou too’c 
LENGTH - os 1c 165" 


33 BELOW Results of trials carried out to assess the best 
punch nose profile 
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36 RIGHT Curves taken from production trials of component 
shown in 35 
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34 LEFT Influence of temperature 


i on the extrusion of steel 
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35 BELOW Combined forward and 
backward extrusion 
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37 ABOVE Cold upsetting of mild-steel 
billets, 14 in. sq. 1} in. thick 

to 4 in. + in. thick 

Load approx. 1,500 tons 


38 TOP RIGHT Billet in mild steel 


Billet 1 in. dia 0:72 in. in mild steel 
formed to shape increasing the face area from 
1-49 sq. in. to 3°14 sq. 7 

Ina. across h 2ji im 

Thicknes 0: 3Ain 

Load 380 tons approx 


39 RIGHT Cold upsetting of mild-steel 
billets, 2 =~ 0-61in. to 4-1 in 
Load approx. 1,500 tons 


40 BELOW Flange forming and extrusion from a plain billet 
- dy ! . » 


1. dia 0-88 in. O. dia O. dia. flange 3-15 in 
Length +2 Thickness of fi Bin 

Section area bod 0-61 sg. » Reduction area 39 
Load Form 300 tons approx Pierce 70 toms approx 








GHT Projectile component — backward extrusion 
f 
steel 
ld R oO 225 2:2 
S ‘ 6 8 iu 43 
I ust 6s 136 
42 niGut /. a 8 ) 5 t 
s a7 b ” R 5 











43 Steel energizer container—backward extrusion 
> 


Length 2:2" 
Reduction 62 
150 tons sq. im 


1. dia 1-5in. O. dia 
Section area 
Extrusion load 


1-9 in 
1-07 sg. in 
260 tons approx 





45 Squeezing a square section bar into a round billet 


mild steel 
Billet dia 3-Lin. Thicknes 23 


Section area of billet 55 sq. un 





46 Extrusion of formed billet 


1. dia 2-lin. O. dia 3-lin. Length 33m 
Sect area of billet 7:55 sq. in Reduction 
Load 450 tons approx 130 tons sq. in 


aréa 


46 





44 Combined backward and forward extrusion from round 


I. dia 2:4in. O. dia 3 O8 in. Length 6 in 
Thickne through mid-sectr 0-55 mm 

Section ¢ 4-5 sg." Reduction area 60 
Load 660 rons appr 





47 Swelling mid-section of 1-in.-dia. bar (mild steel 
Shows billet 1 wn. dia 4\ tn. long and firushed pressing 
Mid-section increased from 1 in. dia. t in. dia., i.e. increase in 
cross-section area of 350 
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48 Hydraulic buffer—backward extrusion 


49 40 L.70 shell—backward 
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50 40 L.70 shell—forward 

















steel) extrusion (steel extrusion (multi-operation) 
I. dia 4°45 in. O. dia 5 in I. dia 1-24 w O. dia Mean internal dia 1-283 im 
Length 18} in 1-565: Length 60 O. dia 1:56 oP Length 6] in 
Section area of billet 12-6 sg. in « Section area 0-7 sq Mean section area 0-615 sg. in 
Reductim 69 Load 2,000 rons Reduction 68 Reduction 33 
Extrusion loa 200 tons Extrusion load 200 tor 
All billets were sub-critically annealed to a oi Tons/sq. in. 
hardness of about 120 V.P.N. and after dimpling Total 
were re-annealed and single shot extruded. Various load Minor Major 
tool steels were used, all of which failed by swelling, — — — 
bending or fracture, and no steel was successful —— Sc 
for continuous operation. Punch loadings were as_ Initial extrusion on 
shown in the table on the right. small dia. of punch | 160-170 152-161 | 120-128 
It will be seen that the strength requirement is py eusion on to ender 
far higher than could normally be expected from “Rpg 200-210 | 188-197 | 151-158 
a tool steel and, in point of fact, 120 tons/sq. in. is spe 
considered to be the absolute maximum design 
load for tools of this nature with a preference, for swollen did so at about 180-200 tons. Above 200 


production purposes, of 100 tons sq. in. max. It 
was observed that the tools which bent or became 


tons (press loading) the tools fractured near the 
nose. 
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51 Rocket component—4}°,, Cu aluminium alloy HE 15 


—backward extrusion 


1. dia 1-734 im. O. dia 2-312 in. Length 12) in 
« Section area 1-88 sq. in Reduction 55 
Extrusion load 180 tons 
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Punch nose profile and the effect upon 
extrusion load 

Various trials were carried out in order to assess 
the best punch nose profile. These trials consisted 
of: (i) flat-nosed punches with varying radii at 
the junction between the flat nose and the side; 
(ii) punches with coned nose form. 

The results of these trials are illustrated in fig. 33, 
from which the following conclusions are clear. 

A conical shape to the nose of the punch reduces 
the punch loading required until such time as 
a breakdown in the phosphate and lubrication 
causes a steeply increasing load requirement. 

Flat-nosed punches serve to maintain the phos- 
phate and lubrication at the base of the cavity and 
give a regular and increasing load requirement in 
accordance with the depth of penetration until 
nearly maximum penetration is achieved, after 
which the load requirement tends to fall. 

The degree of radius at the junction between 
the flat nose and the side is important in reducing 
punch loading. 

From the graphs it will be seen that maximum 
punch loading varied from 137-157 tons/sq. in., 
and hence a reduction of nearly 13°, can be 
achieved with the best radius. 


Warm temperature effects upon the extrusion 
of steel 

Certain work has been done in this regard in an 
endeavour to reduce the load on the extrusion 
punch. Trials were carried out in the laboratory 
using a testing machine which extruded at the rate 
of 6 in./min. punch speed. The results were as 
in table 5. 


TaBLe 5 Temperature effects on extrusion 

















Peak load % decrease. 

Tempera- Test on punch in load 

ture sample tons/sq. in. from D 1 
Ambient Al 150* — 
A2 154* = 
100°C. Bl 146 16 
B2 139 20 
200°C. C1 106 39 
C2 112 36 
Ambient Di! 175¢ — 





* Test stopped before peak load on reaching safety 
limit of tools. 

t+ Peak load but bolster fractured immediately after- 
wards. 


Higher temperatures than 200°C. were not 
successful, owing to the fact that the lubrication 
tended to char. 

It was clear from the analysis of the hardness 
figures of the resulting components that the 
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extrusion in each case was following a somewhat 


different pattern. The mean hardness figures of 


mid-wall positions were as follows: 


V.P.N. 
Billets prior to extrusion ts 111 
Components extruded at ambient temp. 208 
Component extruded at 100°C. ‘<< 
Component extruded at 200°C. -. oe 
The components are illustrated in fig. 34. 


Unfortunately, D1 was destroyed on being extracted 
because of damage caused by the broken bolster, 
but the base thickness was in the same order as 
that of Bl. 

However, in specimens B, C and D the base 
thickness is not significant, since deformation is 
proceeding at below the peak load, and the final 
base thickness depends very much on the operator 
in the absence of positive stops in the rig. 

Sample C1 shows a base thickness in the order of 
about half the wall thickness, and a microscopical 
examination fails to reveal anything other than 
a suggestion of incipient shear on the bottom 
radius. This is contrary to normal results where 
a shear crack forms on the base/wall junction at 
a base thickness of 17 and thereafter there is 
a very sharply rising load requirement to bring 
about further base reduction. It will be very 
interesting to continue these trials to ascertain the 
role of the temperature in this respect. 

Following the laboratory trial, a further trial 
was carried out on factory plant using an existing 
set-up which was currently in production. In this, 
tne component was a ouimbinea forward and bau 
‘ard extrusion as in tig. 35. Curves were taken 
using an automatic indicator which yielded the 
result shown im fh". 3 jhe int extusica veal 
is caused by tne forward extrusion of the billet 
into a reduced die annulus. The second extrusion 
peak is caused by the subsequent backward ex- 
trusion. A substantial difference in punch loading 
is indicated by the curves and also by the figures 
in table 6. 


TABLE 6 )_ Effects of temperature on tool loading 





Actual tool loading (tons 

















Tem- | 

perature | decrease decrease 
Ist peak | from cold 2nd peak | from cold 

Ambient 7:4 _ 57-0 — 

8-6 — 57-0 - 

“150°C 12:4 31 51-0 10 

13-6 25 51-0 10 

200°C. 12:4 31 52-0 Zz 

12-4 31 52-6 8 

250°C 12-4 31 53-5 6 

14-2 21 1 366 4 4 
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These trials seem to establish a greatest reduction 
in punch loading at 150°C. 

At this stage it is not possible to say whether 
this reduction is due to more efficient lubrication 
performance or to physical characteristics in the 
steel, but experiments with and without certain 
lubricant additives seem to indicate that it is 
a combination of both. The physical characteristic 
change would be the strain-ageing phenomena, of 
which very little data appears to be available at 
these temperatures associated with the speed of 
working. This development is as yet in its infancy, 
but the facts obtained so far have been recorded in 
this paper for information. 


Flash-annealing furnace at Birmetals Ltd. 


A NEW STRIP MILL for rolling of aluminium alloys has 
been installed at the Quinton, Woodgate Works of Bir- 
metals Ltd. This Sendzimir mill, the first of its type to 
be used for this purpose in Europe, rolls the alloy in coil 
form at 1,600 ft. a minute. 

Working in conjunction with this new Birmetals 
development is a flash-annealing furnace which will take 
sheets up to 8 ft. wide, or two 4-ft. wide sheets, side by 
side. This latter equipment was designed, manufac- 
tured and installed by G.W.B. Furnaces Ltd., of. Dudley, 
Worcs. The furnace has four heating zones totalling 
600 kW. 

During the early stages of the furnace’s commissioning, 
extensive tests were carried out to ensure the maximum 
uniformity of material heating across the width. Eight 
patent centrifugal two-speed fan units were provided 
mounted on one side of the furnace chamber, and these, 
working with the reouisite system of air-directing baffles, 
eyes ‘et s< wa” 2m evenly distributed flow of 

yt 

l'ae “heating elements were mauuiicvur..! from hichest 
qual‘ 80/20 nickel-cl:romium heavy strip, in sinuous 
form, senoemned within tne upper portion of the furnac. 
nterior cond sepacetei ‘rover rhe charge space by heat- 


S - , 

Effective dimensions of the furnace : t Loadu 
length, 6; heating chamber, 40; cooling chamber, 7( 
unloading table, 6; width, 8} 

The heating zones, together with variable speed fans, 
ensure a high degree of temperature uniformity over the 
width of the conveyor, while a degree of super-heat can 
be given to the charge on its entry into the first zone of 
the furnace. Temperature range is 150-550°C. 

The furnace was designed to give a nominal throughput 
of 2 tons per hour, although figures far in excess of this 
have, in fact, been achieved. 

At the loading end of the furnace a series of rectangular 
rubberized balata ropes are provided so as to ensure that 
the sheets are not marked during loading on to the con- 
veyor. The sheets are then automatically transferred on 
to the furnace and cooling chamber conveyor. At the 
exit from the cooling chamber the strips are once again 
passed on to a rubberized balata band conveyor from 
which they are taken by hand by the furnace operators. 


Optoshield Ltd., manufacturers of eye protection and 
other safety products, are transferring all their production 
and development departments to more spacious accom- 
modation at Watford. The Sales Department and head 
office remain at 146 Clerkenwell Road, London, E.C.1, 
and orders should continue to be sent there. 
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Method to reveal austenitic grain size 


in hardenable steels 


M. KALDOR and J. A. VERO 


A method is described* 


which reveals the austenite grain size of hardenable steels by 


means of the relief formed during martensitic transformation. Two polished samples 


fitted together are heated in an inert atmosphere and quenched. 


On the polished 


surface the grain size of austemite is now visible without any further preparation or 
etching. The method is useful for ball-bearing steel. If the samples are etched, some 
details of the transformation become visible 


THERE ARE SEVERAL methods to measure, or more 
precisely to reveal, austenitic grain size of steels.’ 
Some of these can be used only for steels within 
rather narrow limits of composition, such as 
measurements based on the network of ferrite or 
cementite. Other methods are difficult to carry out, 
such as the prepara*ion of gradient quenched 
samples or the production of a ferrite network by 
stepped quenching. Further methods, such as 
McQuaid-Ehn’s carburizing test® or quenching 
a previously polished sample after austenitizing in 
hydrogen have also cer‘ain limitations in selecting 
the conditions of austenitizing. 

in iai, there are certain es of stecl for which 
hardly any conveniently applicable methods can be 
found. An example is a steel contain‘ng about 1° 
ca bor and 1-5°, chromium, s:uerally used as 

! vr matorial _-4ia size of which can 

uy by comparing the fracture 
ot a inne sample with a standard set of frac- 
tures representing the ASTM grain size grades.* 
Another steel for which no reliable method is known 
is the low-carton case hardening or weldable steels 
containing less than 0-2°;, carbon, especially if fine 
grained.® 

Knowledge of the austenitic grain size of these 
steels is often desirable when specifying them for 
use. Therefore, the relatively simple method 
accidentally found during another research work on 
ball-bearing steel should be described. The method 
has successfully been used with the two above- 
mentioned kinds of steel, but doubtlessly it will 
prove applicable to all grades of steel which become 
martensi‘ic on proper cooling. 


StCTIN CA ‘ 


*Report No. 18 of the Working Community for Metal- 
lurgy of the Hungarian Academy of Sciences, Acta 
Technica, 1961, 34 


Our method is the following. Two discs of steel, 
having a diameter of about 12 mm. and a thickness 
of 3 mm. are ground and polished on one circular 
side and assembled, the two polished surfaces being 
in good contact. The two discs are fastened to 
each other in this position by means of wire; 
notches on the circumference or two boreholes 
going through both discs make wiring easier and 
more secure. The circumference of the double disc 
is then smeared with some alumina made up with 
water glass and dried at 80°C. 

The pair of discs, suspended on a wire, was then 
austenitized in a slow stream of nitrogen at the 
desired temperature in a vertical tubular furnace 
and when the required time had elapsed quenched 
in oil. The two specimens were separated and 





cleaned of oil by washing in alcohol; the two 
0 
1250° 
aw? een. 1150" 
et) C ° 
z, oe mana 
8 
3° 2 950° 
- , 850° 
S 750° 
12+ eT meson 
i ek pee Bei a 
Time. hours 
1 The grain size of the examined ball-bearing steel as a 


function of austenitizing time and temperature 
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2 Ball-bearing steel containing 1”, 
austenitized at 1,050°C. for half an hour. 
ASTM No. 6. 


C and 1-4%, Cr, 
Grain size 
Unetched. 180 
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3 The same as in 2 but austenitized at 1,050°C. for an hour. 
Grain size ASTM No. 5. Unetched. x 180 





4 The same as in 2 but austenitized at 1,250°C. for half 


an hour. Grain size ASTM No. 2. Unetched. 180 


identically treated samples were then ready for 
microscopical examination, as their polished sur- 
faces had hardly deteriorated during heating. 


Ball-bearing steel 
Figs. 2-5 are micrographs of specimens of ball- 
bearing steel prepared in this way. The grain 


5 Sample of 3 but focused to show the martensitic structure 


boundaries of austenite that existed in the momen¢ 
of quenching are very clearly visible. 

The relief produced by the formation of marten- 
site causes some difference in the appearance of the 
structure when focused differingly. Fig. 5 is a 
picture of the very same spot of a sample which also 
is shown in fig. 3, but was photographed in a 
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Austenitic grain structure of a 0-12°, carbon steel. 
Unetched. 540 


8 The same sample as in 7, another spot 


position 3-4 u farther from the objective. In fig. 3 
chiefly the grain boundaries, but in fig. 5 rather 
the needles of martensite protrude. 

The method proved quite satisfactory, except 
when the grain size was finer than grade asTM No. 
12. Im coarser austenite grains, larger martensite 
needles are formed and these make a higher 
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7 Ball bearing steel austenitized at 1,050°C. for an hour. 
Slight Nital etch after quenching. 540 


9 Bali-bearing steel austenitized at 1,150°C. for 2 h. 
Slight Nital etch after quenching. 540 


relief, protruding more from the polished plane. 

In fig. 1 the determined grain sizes of ball-bearing 
steel are shown as a function of the austenitizing 
temperature and time. 


Low-carbon steels 
In low-carbon steels the relief due to martensite 
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formation is less pronounced; as shown in fig. 6, 
the grain boundaries of austenite in a 0- 12°, carbon 
steel sample, heated at 1,050°C. for half an hour, are 
revealed as broad dark lines, which appear to be 
rather the result of oxida‘ion than that of volume 
changes accompanying the formation of martensite. 
Whereas with samples of hard steel nearly the 
whole area of the polished surface was suitable for 
examination, with those of low-carbon steel the 
structure shown in fig. 6 could be found in only 
isolated spots. 

The samples prepared in the way described not 
only show the austenitic grain size, but after a slight 
etching with Nital also reveal some interesting 
details of martensite formation and of the relation 
of martensite needles to the austenite from which it 
was formed. Figs. 7-9 are micrographs of lightly 
etched ball-bearing steel samples. In the centre of 
fig. 7 there is a large austenite grain, which obviously 
was a multiple twin having lamellas crossing each 
other, as indicated by the needles of martensite. 
In the grains shown in fig. 9, there are long, parallel 
martensite needles wholly traversing the mother 
crystal and in the fields between the long needles 
smaller ones, which were formed in later steps of 
transformation; within the same austenite grain, 
the shorter needles run in a few parallel directions. 
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* What’s in a name?’ 

What do we understand by the word ‘ aluminium’ ? 
The Aluminium Development Association, in its 
journal The Aluminium Courier, has told us what 
they hope to see become universal usage. 

* Straining after accuracy, scientists and techno- 
logists tend to add “ and its alloys ” after the word 
aluminium except when referring specifically to 
one of the grades of pure metal—but this means 
that a degree of precision needed only sometimes 
is attained by using a clumsy expression most of 
the time. Accordingly, in the interests of clarity 
and simplicity, the ADA now commonly uses the 
word aluminium in its collective sense, qualifying 
it as “ pure ” when the unalloyed metal is intended. 
It is urged that this practice become universal. 

‘In thus returning “and its alloys” to store 
until wanted, another expression, “ light alloy,” 
can also be set aside for its proper use in referring 
to a group of materials—an alloy of one of the metals 
aluminium, beryllium, magnesium or titanium.’ 
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400-kV. West Thurrock 
crossing 


THE ERECTION and installation of the 400-kV. 
overhead power link spanning the River Thames 
between West Thurrock, Essex, and Swanscombe, 
Kent, which is being carried out for the Central 
Electricity Generating Board by British Insulated 
Callender’s Construction Co. Ltd., has now reached 
an advanced stage. The crossing will provide a 
vital extension of the exsiting supergrid north of 
the Thames, through the cEGB’s new 1,000-MW. 
steam generating station being built at West Thur- 
rock, to connect with new lines to Canterbury, 
Lydd, the cross-Channel link and the nuclear power 
station now under construction at Dungeness. The 
double-circuit link incorporates six steel-cored 
aluminium conductors and a similar earth wire. 
These are the largest of their kind ever used on an 
overhead power transmission line forming part of 
the British supergrid. 

Bic Construction Co. Ltd., as main contractors 
to the CEGB, have been responsible for the co- 
ordination of the desiga and for the erection of all 
materials for the crossing with the exception of the 
foundations which were the subject of a separate 
contract. The conductors and earth wire were 
specially designed in collaboration with the CEGB 
by the Wire Mill Division of Bicc who also had 
overal! responsibility for their manufacture. 
Another member cf the Bicc Group, Painter Bros. 
Ltd., has also participated in this project, having 
fabricated the steelwork for the anchor towers. 

The two 630-ft. suspension towers at West 
Thurrock, which are constructed mainly of high 
tensile steel and weigh approximately 436 tons 
each, are 4,500 ft. apart. A major factor influencing 
the design of these was a Port of London Authority 
stipulation that the conductors, when erected, 
should give a clearance of 250 ft. from the mean 
high-water level of the river. Set 1,600 ft. back 
from the suspension towers are the anchor towers 
which are 145 ft. high and weigh 99 tons each. 
The total route length of the crossing is 7,700 ft. 
and the precision of the siting of the four towers 
is such that they are aligned to within } in. 

The six conductors and the earth wire consist 
of a steel core of 91 galvanized steel wires with 74 
aluminium wires in two layers stranded over the 
cores. A final layer of 36 wedge segmental 
aluminium wires is applied to present a smooth 
outer surface to reduce aerodynamic effect over the 
large spans. The overall diameter of these con- 
ductors is 2-214 in. and they were manufactured in 
continuous lengths of 7,754 ft. Each weighs 21} 
tons, making a total weight of some 150 tons. 
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Materials for atomic energy 


It was appropriate that the opening address at the Engineering Materials and 
Design Exhibition and Conference held at Earls Court last month should be by 
Sir William Penney, K.B.E., deputy chairman, UKAEA. Many recent developments 
in materials technology have resulted solely from the requirements of the nuclear 
power industry, some of which are summarized in this supplementary paper to 
Sir William’s opening address 


IT IS OBVIOUS that industrial and economic progress 
depends critically on the development of new and 
improved materials; it is equally important that 
designers should be able and willing not only to 
exploit the advantages of these new ma‘eria!s, but 
ilso to accept the limita*ions which they almost 
invariably have. In order to do this, not only must 
the development of the materials themselves be 
coupled with better mehods of unders*anding their 
basic properties, but the link be-ween scien*ist and 
engineer must also be closer. These considerations 
apply to progress in all industries, of course, but are 
seen most obviously in those of recent origin. They 
are particularly true of a°omic energy and, in order 
to illustrate the interdependence of maverials and 
design, this paper describes some examples of the 
way in which new materials, combined with en- 
lightened design and better basic unders*anding, 
have contributed in this field. Most of the examples 
are me“als, since these form a coherent and farniliar 
group, but other types of ma‘erials are also involved. 
It should be emphasized that industry has collabor- 

| very closely with the AEA in the development of 

se materials, often taking a major role. 

The requirements of materials for a*omic energy 
are very complicated. In addition to some particu- 
larly unpleasant combina‘ions of the normal prob- 
lems, such as corrosion, temperature and s‘ress, 
there are generally at least two other imporant 
factors to be taken into account: neutron absorption 
and the effects of irradiation on the properties. All 
these factors must enter into a complex multi- 
dimensional optimiza*ion, since generally none is 
absolutely paramount and, as usual, the final 
criterion is an economic one. 

Special reference can be made to the problems of 
fuel element cans. Here, in addition to other factors 
mentioned above, the cans may often have to 
accommodat’e quite severe changes in the volume 
and shape of the fuel which they contain; these 
strains may amount to several per cent. linear in com- 
plex strain systems and the achievement of the 
design life may involve straining the cans well into 


the tertiary creep stage. Since the cans are thin 
for neutron economy and re'atively weak at the peak 
working temperatures, design must be based on a 
strain criterion ra~her than on stress. These fea*ures, 
which are certainly unusual and possibly unique, 
have led to new ideas and developments in theoreical 
plasticity and s*rain analysis. A final special feature 
of cans is that quality control methods must be 
extremely rigorous, especially with regard to non- 
me“allic inclusions, because of the high standard of 
integrity required, combined with the thin sections 
normally used. 


Conventional metals 

It is appropria*e first to refer to some ‘ conven- 
tional’ me“als used in a*omic energy. With each 
of these, however, considerable further develop- 
ment has been necessary to adapt them to the special 
requiremen’s of a~omic energy. Such me“als include 
steels, both ferritic and aus‘eni*ic, aluminium and 
magnesium. The most familiar of these is mild 
steel, which has an important application in pressure 
vessels for gas-cooled reactors. 


Mild steels for pressure vessels In the development 
of the Calder Hall type of gas-cooled reactor, some 
of the most important advances have come from 
increased size and power density. This has called 
for vessels up to about 60 ft. dia., with plate thick- 
nesses over 4 in., which have to be constructed, 
inspected and stress-relieved on site. These vessels 
must have a long life and there is, of course, a very 
high premium on their in*egrity. The designer must 
also consider oxidation by the CO, coolant and is 
faced by a range of temperatures which may have 
creep as a limitation at one extreme and the possi- 
bility of brittle fracture at the other. 

Brittle fracture is not yet sufficien*ly well under- 
stood for it to be allowed for simply in design and 
prudence has dicated that we base our practice on 
the least possible risk. This is done by minimizing 
separa‘ely the possibility of each of the three things 
necessary to cause a brittle fracture in a steel struc- 
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ture: a notch, a sufficient stress and a temperature 
lower than the transition temperature. The notch 
may be a defect arising from the steelmaking or 
from the welding, or it may be a design feature 
resulting in an undesirable stress concentration. 
The elimination of notches is conditional on the 
cleanliness of the steel and the excellence of the 
welding and inspection procedures. The inspection 
method must be sensitive enough to reveal and locate 
defects so that they can be eliminated. Freedom 
from cross-lamination of the plate, particularly in 
the region of edges of cut-outs where welding is to 
be done, is easily established by ultrasonic tests 
or by crack detection and such methods are not 
invalidated by increase in plate thickness. The use 
and interpretation of ultrasonic methods of inspec- 
tion have been so developed that the technique 
formerly surrounded by controversy is now gener- 
ally accepted and approved by steelmakers, fabrica- 
tors, insurance companies and others concerned. 
For plate thicker than 3 in. multi-curie source 
gamma radiography is now used extensively on 
sites and recently the first 5-MeV. linear accelerator 
developed for use on site has been employed at 
Trawsfynydd; this device can extend up to at least 
6 in. thickness the sensitivity and exposure times 
obtained with the 2-in. plate used at Calder. 
Assuming that some defects or stress concentra- 
tions will remain, however, attention must be given 
to the de*ermination of local stress concentrations 
and to the energy available to propagate any smal] 
crack which might be initiated. The vessels are all 
stress-relieved after fabrication and readings have 
been taken from large numbers of strain gauges 
during this process and during operation. This 
experience, combined with the wholly favourable 
history of high-quality stress-relieved vessels, 
gives a high degree of confidence that a fast-running 
crack could not be formed. The processes of crack 
initiation and brittle fracture propagation are diffi- 
cult theoretically, however, and some fairly large- 


scale model tests are planned to study the effects of 


defect size and stress levels on these phenomena. 
In the meantime, on the conservative assumption 
that both the notch and stress criteria for brittle 
fracture might conceivably be met, the practice is 
to maintain the vessel temperature above that for 
brittle fracture so that any fast-running crack would 
be arrested by the much higher energy absorption 
of a ductile fracture. In other structures where a 
transition temperature criterion is applied it is 
generally by means of a Charpy V-notch test, which 
is arbitrarily linked with the transition temperature 
of the structure as a whole. This relationship is not 
only sensitive to size effects, but varies with the 
type of steel; in addition, neutron irradiation can 
increase the transition temperature by a large 
amount. In order to improve the accuracy of pre- 
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diction, which in turn determines tue minimum 
temperature to which the vessel may be allowed to 
fall, tests are now made on all steels used in pressure 
vessels to measure the temperatures at which fast- 
running cracks are arrested. Maximum confidence 
in this test can only be realized when the test is made 
on large plates of full-plate thickness. To achieve 
this it has been necessary to construct a 4,000-ton 
capacity testing apparatus and this will be used in 
the near future to carry out larger-scale tests on 
material from all reactors. It is believed that this 
application of transition temperature theory in 
design and operation is unique and only justified, of 
course, because of the special circumstances. 

The operational conditions of the reactor must 
also be limited to avoid any risk of failure from 
excessive creep deformation which might, for ex- 
ample, result in unacceptable distortion of control 
rod or discharge tubes ; more catastrophically, failure 
by creep rupture has to be considered. Tests carried 
out to date have shown that the permissible creep 
stress in a reactor pressure vessel is less than that 
which would result from direct application of 
current design codes, e.g. B.S. 1599, and hence it 
has been necessary to limit the stress in the vessel 
to a value appreciably lower than a quarter of the 
ultimate tensile strength. This work has also, in- 
cidentally, shown that the high-temperature proper- 
ties of boiler quality steel are dependent on cast 
to cast variables and on the effects of heat treat- 
ments, especially stress relief procedure. At low 
deformation rates which are applicable, conventional 
extrapolation of creep results may be invalidated due 
to non-linear secondary creep stage and new design 
criteria have had to be adopted. 

Concurrently, extensive research has been under- 
taken aimed at producing steels having an increased 
tensile strength, hence allowing increased gas 
pressures and greater efficiency in future reactors. 
None of the steels in current production can give 
the necessary increased tensile strength without 
sacrifice of, for example, notch ductility, high- 
temperature strength or weldability, hence the 
object of the development has been to retain these 
features, at the same time producing a steel which 
could be expected to give consistent properties in 
normal production. Such steels have been developed 
with tensile strengths increased by about 25°, at 
room temperature; more important, this is accom- 
panied by an increase in permissible stresses at 
higher temperature without sacrifice or either notch 
ductility or weldability. 

Austenitic stainless steels Austenitic stainless steels 
have three main uses in atomic energy: in chemical 
plant, in pressure vessels for water and liquid-metal 
cooled reactors and as fuel element cans. 

After uranium fuel elements are irradiated, they 
are processed by wet chemical methods at Wind- 
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scale. Due to the presence of fission products, the 
solutions are extremely radioactive. Some stages 
use strong nitric acid at boiling point, under cir- 
cumstances which are corrosive in the extreme. 
When the plant was built, no suitable steel was 
available and a new one was developed which was 
completely austenitic in character with superior 
corrosion resistance; this steel contains 18°, 
chromium, 13°; nickel and 1°,, niobium and new 
techniques had to be developed for its fabrication. 
In the study of the corrosion behaviour of this steel 
it was evident that a concentration of chromium 
in the nitric acid in the hexavalent state and also 
fission elements, such as cerium and ruthenium, in 
their highest state of valency accelerated the cor- 
rosion to a marked degree. Latterly it has proved 
possible to have limited access to part of the plant 
and carry out some inspection and the corrosion 
effects were much less than had been anticipated. 
Further study showed that the presence of beta and 
gamma activity of the fission products led to the 
radiochemical decomposition of the nitric acid and 
water and, therefore, acted contrary to the acceler- 
ated effect of the fission products. The decom- 
position products and chemical equilibrium set 
up in the system will be complex, but the overall 
effect of the irradiation is that no accelerated cor- 
rosion is caused by the presence of ions which in the 
absence of irradiation would bring this about. This 
is one of the very few instances where radioactivity 
has eased a problem. 

Stainless pressure vessels are often made of clad 
ferritic steels and, apart from the problems of 
fabrication in large sizes and complicated shapes, 
must often withstand very corrosive conditions, and 
there are the usual problems of water control and 
stress corrosion; with sodium or NaK very low 
oxygen levels are necessary. Irradiation effects are, 
however, not now thought to be very important, 
since the oxidation corrosion effects do not seem 
strongly affected and changes in mechanical proper- 
ties are not very marked. 

For cans, stainless steel must usually be very 
thin because of its high neutron absorption; wall 
thicknesses of 0-010—-0-020 in. are common and 
developments are in hand down to 0-005 in. or less. 
In CO,-cooled reactors the oxidation resistance at 
reactor temperatures of standard 18/8 is marginal, 
especially as some intergranular penetration is 
observed, so that extrapolation to very long times 
is difficult. The cans must, of course, be weldable 
to very high standards. It also appears that irradia- 
tion may stimulate the precipitation of the sigma 
phase, which is a common problem in high-tem- 
perature usage and leads to loss of ductility. For 
these reasons a new version of austenitic steel has 
been developed containing 25°,, Ni, 20%, Cr and 
1°, Nb. In addition, the requirement of cleanliness 
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has led to the use of advanced melting techniques, 
such as repeated melting in vacuum arc or H.F. 
furnaces. The improvement in cleanliness led, 
incidentally, to some unexpected changes in other 
properties, but these have now been taken into 
account. 


Magnesium Another conventional material 
adapted for nuclear use is magnesium. The early 
design studies for the Calder Hall reactors showed 
that, in order to use natural uranium and achieve 
temperatures of interest for power reactors it was 
essential to adopt magnesium canning instead of 
aluminium, as used in the earlier gas-cooled Wind- 
scale reactors. Magnesium did not seem at first 
sight a very attractive engineering metal. However, 
some small-scale alloying studies showed that mag- 
nesium could have quite remarkable oxidation re- 
sistance both in air and CO, and these results were 
an important factor in the decision to go ahead with 
the Calder Hall project. Further development work 
and the needs of mass production revealed other 
vifficulties. For one thing, the alloying elements 
introduced to improve the oxidation resistance 
tended to provide undesirable inclusions or to make 
weld cracking more likely. Satisfactory com- 
promises were reached in the laboratory, but in 
large-scale production completely new standards 
of cleanliness were necessary, especially since mag- 
nesium is invariably melted under a rather corrosive 
flux which would be a most undesirable inclusion in 
can walls. Because of the rather erratic distribution 
of any inclusions, highly complicated statistical 
sampling and non-destructive inspection methods 
had to be devised to assess the material at inter- 
mediate stages. In the event, over many tens of 
thousands of Calder elements, no failure has resulted 
which can be attributed to flux inclusions. Another 
production problem was the fabrication of complex 
shapes. Although the earliest cans were machined 
from solid bar extrusions, all the current shapes can 
be made either by extrusion or by fin-rolling, a quite 
remarkable achievement with this metal. 

The most fundamental problem, however, in the 
use of magnesium is its ductility in the range 200- 
300°C., where it may be subjected to creep strains 
in the reactor. It is now known that such strains 
create grain boundary cavities which may coalesce 
to form tiny leak paths. The strain levels at which 
cavitation causes failure depends rather crucially 
not only on the strain rate and temperature, but also 
on material variables, of which grain size appears 
to be most important. Fig. 1 shows the rather com- 
plex way in which ductility varies with temperature ; 
as noted earlier, it is advantageous to utilize a 
very high proportion of this available ductility. By 
means of grain-size control and choice of gas-inlet 
temperature, adequate ductility can be provided to 
give confidence that the civil fuel elements will have 
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satisfactory endurance in this range, but the margin 
can never be very great and there will always be a 
need for designers to have a close appreciation of the 
problems. As is often the case, the problems in the 
hot parts of the fuel channels are quite different. 
Here, creep deformation of heat-transfer surfaces 
in the gas flow is the main problem and, since 
maximum creep strength and ductility at lower 
temperatures may not be obtained in the same 
material, it may be advantageous to provide two 
different types of fuel elements, although this 
naturally limits the flexibility of fuel cycles. 


Newer metals 

Several metals, which were in little or very 
specialized use a decade or two ago, have been 
developed mainly or solely because of their atomic 
energy interest; these include the fuel metals 
uranium, thorium and plutonium and such struc- 
tural metals as zirconium, hafnium, niobium, 
vanadium and beryllium. 

Uranium Generally, the reason why these 
‘newer’ metals have not been used before is that 
they are usually difficult to extract and chemically 
reacive; often they have structures with poor 
mechanical properties and are toxic. Uranium meal 
provides a good example of all these difficulties; 
the reduction of its compounds is very difficult and 
the product may be either grossly con*amina‘ed or, 
if finely divided, pyrophoric. It oxidizes rapidly at 
moderate temperatures and it is, of course, toxic. 
It has three allotropic forms between room tem- 
perature and 800°C., the R.T. form being described 
as ‘ orthorhombic with the atoms arranged in corru- 
gated shee*s.’ As might be expected, this is not a 
favourable arrangement from the mechanical proper- 
ties point of view, especially as it is highly anis*ropic. 
In addiction, uranium suffers special irradia*ion 
damage effects which in their extreme forms are 
quite spectacular. Nonetheless, as is well known, 
these problems have been overcome or circum- 
vented so that the first stages of the U.K. atomic 
energy power programme comprising several 
thousand megawatts of installed capacity are based 
on uranium me‘al fuel. The production of uranium 
bars is established in the U.K. on a scale of thousands 
of tons per year and the product has a purity and 
reproducibility of a very high standard compared 
with other metal industries. Furthermore, the 
behaviour of these bars, now running into hundreds 
of thousands for the Calder and first civil reactors, 
is in close accord with predictions and design 
requirements, greatly strengthening the confidence 
in the economic future of these stations. 

Zirconium Although zirconium has been used for 
some time in certain special applications in chemical 
plant in smal! amounts, its present importance is due 
almost entirely to its reactor use, especially in 
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water-cooled reactors; conversely, it might almost 
equally be said that the status of the water-cooled 
reactor, which is much the most important type in 
the U.S., rests largely on the properties of zirconium. 
Zirconium has a low neutron cross-section and, 
although its mechanical properties fall off rather 
rapidly at moderate temperatures, they are quite 
adequa*e for current water-cooled reactors. The 
corrosion resistance of pure zirconium can be re 
markably good in high-temperature wa‘er (say 
325°C.), but it was soon found that the resis*ance 
of material produced to commercial s*andards 
varied grea*ly. The film is normally very pro‘ective, 
so that corrosion proceeds at a continuously diminish- 
ing ra“e, but in certain samples at a limiting film 
thickness this protectiveness is lost and corrosion 
continues at a linear rate which may be unaccept- 
ably rapid. This transition is called ‘ breakaway ’ 
and alloys have been developed in order to delay 
breakaway beyond the required service life for the 
design conditions of temperature and pressure. 
Again, this is a rather neat op*imiza*ion and further 
progress in this reactor field is linked with the 
development of newer alloys. Fig. 2 shows some 
typical corrosion rate curves. 

As temperatures go up, with in-core boiling or 
steam cooling, an addi*ional problem is that in- 
creasing amounts of hydrogen, formed radiolytically 
or by corrosion, may be absorbed by the zirconium. 
This hydrogen may precipi*a*e as zirconium hy- 
dride, with detrimental results on the duc‘ility, 
especially under impact; where thermal gradients 
exist the hydrogen could be absorbed mainly in the 
hotter portions and might then diffuse quite rapidly 
down a thermal gradient and precipitate in the 
colder parts. For complex reactor structures, such 
as an array of pressure tubes requiring a very long 
life, this is clearly another finely balanced design 
problem, especially as impact ductility is so difficult 
to allow for. In such a reactor system a difference of 
only 20°C. in peak temperature may have a deter- 
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mining influence on the processes of corrosion and 
hydrogen absorption and, unfortunately, this margin 
might be crucial to the economics also. There are 
good reasons to hope, however, that alloy advances 
will provide a reasonable scope for further engineer- 
ing development. 

Zirconium seems to be essential also in the 
homogeneous aqueous reactor, for use in the inner 

ntainer in order to allow neutrons to penetrate 

to the blanket. Here, an unusual problem was 
experienced. Although the corrosion reaction be- 
t een high-temperature water and zirconium is 
liiile affected by normal radiation, it was found 
that corrosion rates were greatly increased when the 
solution contained fissile atoms. In this case the 
protective nature of the film was totally lost and the 
rate of attack was not only linear from the outset, 
but was almost directly proportional to the fission 
density; it is thought that the main factor is the 
absorption of fissile atoms into the oxide film, 
which is then disrupted by the fission process. 
Although it seemed that a compromise could be 
reached which would not be too uneconomic 
between the rate of attack and the reactor power 
density, in practice it was found that coolant flow 
inequalities could lead to the ‘ plating out ’ of fissile 
atoms and holes were formed very rapidly in these 
places. It is claimed that this problem can be over- 
come by better flow distribution and, although this 
may be true, it is probably fair to say that this ex- 
experience has been largely responsible for halting 
the development of this type of reactor. 

Hafnium In nature zirconium always occurs with 
a small percentage of hafnium, which has a very 
large cross-section and must be removed before the 
zirconium is made into metal for reactor use. Since 
the two elements are very similar chemically, their 
separation was not easy, but several satisfactory 
methods were developed. Fortunately, this com- 
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plication yields a bonus for once; because of its 
high cross-section and similarity to zirconium in 
behaviour, hafnium is a very suitable control 
material for certain water reactor applications and 
the demand for it is at least as great as the supply, 
which, of course, depends on the output of reactor 
grade zirconium. 

Beryllium Beryllium is a very special case. Al- 
though it is fair to say that atomic energy has taken 
a leading place in its development, the future may 
show that it has at least equal potential in other 
spheres, especially in the space programme. Here 
its high strength weight ratio is its main attraction, 
but its comparatively high melting point and ex- 
ceptional heat capacity are also desirable features. 
For atomic energy work, in addition to these proper- 
ties, beryllium has much the lowest cross-section of 
any metal likely to be used in reactors in the fore- 
seeable future. 

Beryllium has its own very severe problems, of 
course; it seems that nature does not intend her 
rewards to be too easily won. For general use the 
main problem, apart from its toxicity, is its lack of 
ductility in certain conditions. This is not only 
apparent around room temperature, but there is also 
a second minimum in the temperature ductility 
curve in the region around 600°C., which is par- 
ticularly important for reactor usage. In addition, 
for reactor application, there is also the problem 
that nuclear reactions can generate helium and 
tritium in the lattice. These gas atoms can affect 
the mechanical properties either as additional in- 
dividual atoms hardening the lattice or they may 
concentrate into bubbles which could join together 
to form leak paths or cause the metal to swell 
significantly. 

An international conference was held very recently 
in London on beryllium, at which over 70 papers 
were presented and over 300 delegates from 14 
countries attended. It is quite clear from this con- 
ference that very substantial progress has already 
been made and that basic understanding will 
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advance over the next few years very rapidly, leading 
to important technological improvements. For 
example, it is already clear that ageing processes are 
involved in the 600°C. ductility minimum and that 
this minimum can be removed in tensile tests at 
least by a suitable combination of small alloying 
additions and heat treatment. Fig. 3 shows this. 
There is clearly great promise in this approach, but 
whether this particular method will retain its advan- 
tages under all conditions remains to be seen; for 
example, such treatments to gain ductility may well 
affect other properties, such as corrosion and creep, 
also and compromises may have to be worked out. 

Much progress has also been made on under- 
standing the room temperature brittleness of 
beryllium. Many workers in this field now regard 
beryllium as showing a ‘tough-to-brittle’ transition 
of the same general type as shown in many metals 
notably mild steel) with a transition temperature in 
1ormal circumstances at about 200°C. Efforts to 
reduce this transition temperature, and to raise the 
legree of ductility at room temperatures or slightly 
ibove are meeting with some success. The achieving 
f useful ductility at temperatures in this range 
i.e. the ‘ rubber-forming’ range) might well be 
important in the fabrication of beryllium sheet for 
use in aircraft or rockets. 

Niobium In the earliest days of the Dounreay 
fast reactor project it was evident that compatibility 
considerations, especially in the event of the 
uranium fuel becoming molten during use, placed 
severe limits on the use of conventional materials 
as fuel element sheaths. In the search for a suitable 
material the periodic system was examined. The 
principles of the compatibility of reactor materials 
were considered in terms of their alloy systems, 
including the free energy of formation of possible 
compyunds. In the absence of experimental in- 
ferzaation, metallurgical theory and the application 
of the periodic classification indicated that a suitable 
metal would be found in Group 5A or 6A of the 
periodic system. Within the time available for 
making the choice, niobium and vanadium were 
selected. At this time the availability of niobium was 
limited and smal! amounts of impurities, which were 
difficult to remove, tended to make it brittle. In- 
tensive study soon established on an adequate scale 
methods of extraction and purification leading to 
very pure material of high ductility. 

Using the newly established techniques for nio- 
bium, vanadian was also obtained for the first time 
in the U.K. in a pure and ductile form. The work 
on these two elements gave particular satisfaction 
to the scientists and technologists involved because 
here was a branch of engineering where theory fore- 
cast the necessity for an element which was not then 
commercially available and the application of 
research and development into the extraction 
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metallurgy and fabrication studies showed not only 
that the predictions were valid, but also that the 
solutions were technically feasible. 

Fabrication is initially by power metallurgy and 
the vacuum high-temperature sintering process 
allows a substantial reduction in the level of im- 
purities, such as hydrogen, nitrogen, carbon and 
oxygen. Such material can then be forged into bar 
and made into sheet or tube by conventional tech- 
niques. Sufficiently pure material can be cold 
worked 99°, without interstage annealing, the 
material increasing in hardness from about 70 to 
170 V.P.N. Niobium is also ductile in the recrystal- 
lized state and has a considerable advantage over 
commercially available tungsten and molybdenum, 
which are not. 

Although niobium is a body-centred cubic ma- 
terial, the brittle ductile transition of the pure metal 
is at least 200°C. below room temperature. How- 
ever, oxygen, nitrogen, carbon and hydrogen can 
dissolve interstitially in the metal and considerably 
modify its tensile and impact properties. Thus 
1,000 p.p.m. oxygen will raise the hardness to 150 
V.P.N. and substantially reduce the energy to 
fracture. With increasing temperature such im- 
purities have less effect on mechanical and impact 
properties, though strain ageing effects have been 
observed in the range 160-300 C. 

Despite its good high-temperature tensile and 
creep properties, niobium shows poor oxidation 
resistance in oxidizing media (air, CO,, water, 
steam) at temperatures much above 300 C., so that 
it is not suitable for use in gas-cooled reactors. For 
liquid metal cooled reactors, where the oxygen and 
hydrogen impurity content of the sodium coolant 
can be controlled to a very low level by cold and 
hot trapping, niobium has an important application 
as a canning material, possessing high strength and 
compatibility with uranium attemperatures above 
those feasible for the use of stainless steel or Nimonic 
type alloys. Fabrication of niobium cans, including 
welding, has been successfully developed on a 
routine basis for the Dounreay fast reactor. 

For non-nuclear applications the development of 
niobium alloys of improved oxidation resistance may 
offer the possibility of their use under service con- 
ditions where high-temperature strength is essential. 
The other potential application of niobium is in 
chemical plant where corrosion resistance to nitric 
acid or hydrochloric acid media is required. 


Ceramics 


Although these remarks so far have been devoted 
to metals, it is rapidly becoming more certain that 
the future in atomic energy will see increasing 
emphasis on the use of ceramics. This will involve 
a substantial expansion of the basic mechanisms of 
their physical and mechanical properties so that 
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these may be exploited by designers in a manner 
similar to metals. 

This trend can be exemplified by graphite. The 
main use for graphite in reactors to date has been 
as a moderator. In this applica’ion the chief require- 
ments have been for extreme purity and reasonably 
high density, with relatively less emphasis initially 
on pl ysi al and mechanical properties. The ques- 
tions of energy storage and growth due to the 
irradiation damage processes and the resistance of 
graphite to oxidation in CO, under irradiation have, 
of course, been pursued very thoroughly, but as 
temperatures are increased the complexities of 
growth and its relationship with creep are becoming 
increasingly important. Graphites with improved 
properties have been produced, but the use of these 
materials in the early U.K. reactors has been 
retarded because changes in the dimension of these 
materials under irradia’ ion could not accurately be 
predicted; experimente! determination of these 
changes is a lengthy and expensive process. How- 
ever, our fundamental understanding of the factors 
controlling irradiation-induced dimensional changes 
in graphite is improving rapidly and it now appears 
probable that we can manufacture graphite which is 
much more dimensionally stable than Grade ‘A’ 
material and also has higher density, lower per- 
meability, greater strength and improved resistance 
to in-pile oxidation. 

In more advanced reactor designs graphite may 
become a more integral part of the fuel assemblies, 
as in the Dragon reactor. Here not only are the 
condi-ions of temperature and irradiation much 
more severe than in other gas-cooled reactors, but 
the mechanical integrity of the structure is clearly of 
paramount importance. Another vital feature is that 
of containing the fission products within the fuel 
elements and this has led to the development of 
graphites with permeabili*ies many orders of mag- 
nitude lower than hitherto. It remains to be seen 
whether these impermeable graphites provide a full 
solution for this problem, but they may be of great 
interest in other spheres. 


Ceramics are often thought of as completely 
brittle—‘ as brittle as glass.’ However, it has been 
found in recent vears that even at room temperature 
certain ceramics, ¢.g. magnesia, are ductile as single 
crystals, although they still appear to be brittle in 
their polycrystalline form, and the reasons for this 
are being investigated at the moment. At elevated 
temperatures even polycrystalline ceramics can de- 
form under the appropriate stress conditions by 
quite regular mechanisms, such as movement of dis- 
locations and grain boundary sliding, e.g. greater 
than 3°,, deformation has been obtained in com- 
pression creep tests on BeO samples at about 
1,370°C. In addition, minor variations in com- 
position of UO, can greatly influence its plasticity, 
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although the mechanism of this is not clearly under- 
stood at present 


Examination techniques 

As noted above, the development and utiliza*ion 
of new materials depends critically on new tech- 
niques for studying these materials, both to under- 
stand their basic properties and to improve their 
reproducibility. Some examples of inspec ion tech- 
niques have been mentioned above, including ultra- 
sonics. In this la‘ter field great progress has b2en 
made, not only in improving the reproducibility and 
sensitivity of the method, but also in the range of its 
application. In uranium bars, for example, the 
measurement of the attenuation of sound waves can 
be used to check the grain size; because of the 
anisotropy of the uranium crystal, measurements of 
sound velocity in different direc ions can detect 
small amounts of preferred orientation. Ultrasonic 
methods have also been developed, together with dye 
penetrant and eddy current mechods, to reveal the 
presence of small cracks or inclusiors in thin-walled 
stainless steel cans. An interesting facet of this work 
is that the sound image can be converted into a 
visual image which will indicate the presence of 
defects in the material in a particularly helpful way ; 
this forms the basis of the so-called ultrasonic 
camera. 

A general problem in atomic energy work is the 
radiography of components after irradiation, when 
they may be extremely active emitters, especially 
when fuel is involved. X-radiographic techniques 
utilizing suitable shutters, projection methods and 
special emulsions have been developed for radio- 
active components emit:ing up to 300 roentgens per 
second at the X-ray film. Devel»pments using high- 
energy accelerators.or neutron radiography are ex- 
pected to extend the range to even higher activities. 


New spring alloy 

Johnson, Matthey & Co. Ltd. announces the development 
of Malic: 53, a nickel-silicon-copper alloy that fulfils 
the need for a spring material with mechanical properties 
at least equal to those of the conventional phosphor 
bronzes and brasses, but with appreciably higher electrical 
conductivity. The need for a spring material with such 
characteristics has been felt for some time by designers of 
electrical equipment, especially those involved in the 
production of miniaturized components. 

Because of the exceptionally high electrical conductivity 
of the alloy, 40-45", 1.A.C.S., it is possible for springs of 
small section to carry appreciably larger currents when 
made in Mallory 53 alloy than when made in phosphor 
bronze. Advantage can be taken of this characteristic to 
increase the current rating of existing designs of springs. 
All spring-forming operations can be applied to Mallory 
53 after heat treatment, and hence the alloy is supplied in 
the precipitation-hardened condition requiring no further 
heat treatment by the user. 

A data sheet, 1300 : 332, giving details of the charac- 
teristics of the alloy and the forms in which it is supplied, 
is available on request to the company’s head office at 
73-83 Hatton Garden, London, E.C.1. 
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Britain’s biggest die-forged aluminium 


propeller blade 


THE BIGGEST DIE-FORGED aluminium propeller 
blade yet made in Bri‘ain was recently produced 
for the de Havilland Aircraft Co. Ltd., who are 
supplying the propeller equipment for three proto- 
type Transall C.1€0 aircraft ordered for the French 
and German Air Forces. 

The de Havilland 4/8000/6-type propeller, with 
a diameter of 18 ft., was specially designed for the 
Transall C.1€0 and is the result of six years’ 
intensive design and development work on the 
Tyne turbine engine. The propeller hub, which 
incorporates the familiar features of Hydromatic 
design, also embodies a number of improvements 
necessitated by the characteristics of the Tyne 
turbine engine. The basic unit upon which the 
propeller is built is the ‘ spider ’—a high-tensile 
steel forging accurately machined to fit the 
engine propeller shaft. The four aluminium 
alloy blades are re‘ained on the arms of the 
‘spider’ by a high-tensile steel barrel of two-piece 
design, upon which the pitch-change mechanism 
is mounted. 


The solid aluminium-alloy propeller blades, of 


double-taper plan form, are machined from forg- 
ings produced at the Handsworth (Birmingham 
Works of Alcan Industries Ltd. on their 45,000-lb. 
forging hammer, the largest pneumatic hammer in 
Britain. 

The blades are made from extruded forging 
stock in Noral 17S alloy chosen for its special 
properties. As manufactured, the forging stock is 





cylindrical in form 87 in. long, 8} in. in diameter, 
and 500 Ib. in weight. Prior to forging, the stock 
is scalped to a diameter of 7} in. and one end is 
machined to provide a 7-in. long tong hold. The 
stock is then soaked in a pre-heat furnace, and 
having been brought up to a temperature of 450°C., 
at which point it is malleable, it receives the first 
of three part-stampings in the preparation dies of 
the forging hammer, alternated with intermediate 
pre-heats. The part-forged blade is closely in- 
spected between each operation and the excess 
metal, or ‘ flash,’ is removed. 

This pre-heat/part-stamp sequence continues 
with the finishing dies, after which the tong hold 
is removed and the hub machined. At this point 
the blade measures 108 in. in length with a maxi- 
mum width of 19} in. After a further soaking in 
the pre-heat furnace, the blade is placed in an 
upsetting press where the steel thrust rings are 
retained on the shank by an upset flange. 

The upsetting operation, which reduces the 
length of the blade to 105 in., is followed by 
solution heat treatment (the metal ageing naturally 
at room temperature and reaching its maximum 
properties afier about five days), truing of the 
blade and ensuring a twist of 48} deg., and finally 
polishing of the thrust rings. The weight of the 
blade on leaving the forge is 350 Ib. 

At the de Havilland Company’s works at Steven- 
age the blades are machined to a maximum width 
of 18-4 in., after which they are anodized. 


Striking the alumimium propeller blade in the 
45,000-/b. forging hammer at the Handsworth, Birmingham, Works of Alcan Industries Ltd. 
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Fatigue crack propagation in metals 


ACCORDING to a recent study by W. L. Holshouser 
and H. P. Utech, of the mechanical metallurgy 
laboratories, U.S. National Bureau of Standards, 
the rate of fatigue crack propagation through a metal 
specimen is significantly reduced by the presence of 
an organic liquid, such as dodecyl alcohol. The 
studies were sponsored by the U.S. National Aero- 
nautics and Space Administration in order to in- 
vestigate the role played by surface reactions in 
fatigue failure, a phenomenon that may occur in any 
material subjected to alternating stresses. 


Fatigue failures are progressive and consist of two 
phases, the first, crack initiation, extending from 
the start of the stress application to the appearance 
of the first crack (which ultimately causes specimen 
failure); the other, a period of crack propagation, 
which termina*es with the abrupt fracture of the 
piece. In a laboratory test the duration of each 
phase depends on the type of specimen used. In 
earlier Bureau work with smooth cylindrical speci- 
mens it was found that the presence of a certain 
polar organic liquid on the surface of the specimen 
increased the fatigue strength of several metals. 
This improvement was primarily a measure of the 
effect of the liquids on fatigue crack initiation, since 
a large portion of the total life of the specimens had 
been expended before cracks appeared. The reason 
for the improvement was thought to be that the 
polar compounds formed films on the metal, which 
prevented deleterious reactions between the metal 
and the atmosphere. 
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CYCLES TO FRACTURE 


1 = S-N curves obtained on both smooth and notched speci- 
mens of 4340 steel 


To obtain information on the effect of such com- 
pounds on the crack propagation phase, fatigue 
tests were conducted with sharply notched cylin- 
drical specimens in both a clean condition and with 
dodecyl alcohol on the surface. The notches serve 
as stress raisers; as a result, the effective stress at 
the root of the notch greatly exceeds the nominal 


TasLe 1 Results of tests to determine the effect of dodecyl alcohol on fatigue crack propagation 





Thousands of cycles of stress 


























Material Nominal stress Coated with dodecyl Ratio 
amplitude Clean alcohol Np values, 
1,000 Ib./sq. in. coated ‘clean 
a b c a b lc 
Nf Nc Np Nf Ne Np 
4340 steel aa ‘ . 32:5 210 10 200 586 6110 576 2-9 
55 33 2 31 63 2 61 2-0 
Cu-Be .. ¥ ,; a 30 749 #78 671 3,406 78 3,328 5-0 
50 27 3 24 39 3 36 1 
6061-T6 aluminium alloy : 11-5 358 18 340) 632 18 614 1-8 
17 81 4 77 120 4 116 1-5 
17-7 PH stainless steel - 42-5 115 40 75 325 40 285 3-8 
52:5 2.32 2% a 27 1-4 
(a) Nf = Median fatigue life (five to seven specimens). 
(b) Nc = Number of cycles required to produce a detectable crack. 


(c) Np = Nf- Nc (crack propagation portion of fatigue life). 
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stress applied to the specimen, and cracks appear at 
the notch at an early stage of fatigue life. 


Testing procedure 


In the study, tests were conducted on specimens 
of 4340 steel, 17-7 PH stainless steel, 6061 alu- 
minium alloy, and a copper-beryllium alloy (1-75°,, 
Be). They were 0-365 in. dia. and notched around 
the middle to a reduced diameter of 0-250 in. To 
prevent varia‘ions in surface finish and in the 
amount of cold work produced in the surface of a 
specimen, the 0-005-in. radius at the root of each 
notch was carefully ground. All of the tests were 
run on rotating-beam machines of the R. R. Moore 
type, operated at 3,000 rev./min. 

To determine the approximate point in the fatigue 
life when cracks first appeared, fatigue specimens of 
each metal were tested for small! percentages of their 
expected fatigue life, and longitudinal sections of the 
specimens were examined metallographically for 
cracks. An analysis showed that the approximate 
portion of total fatigue life expended before cracks 
appeared was 5°, for the steel and aluminium, 
10°, for the copper-beryllium alloy, and 35°., for 
the stainless steel. 

Specimens to be tested in the coated condition 
were first stressed in the clean condition for the 
duration of their crack initiation period, and then 
for the remainder of the fatigue life dodecyl alcohol 
was dripped into the notch. Data for all four alloys 
show that the duration of the crack propagation 
period at two stress levels was increased by the 
dodecyl alcohol coating (table 1). 

The results indicate that the coating, by limiting 
the access of molecules of oxygen or water to the 
metal surface, reduces the rate of detrimental sur- 
face reactions that normally occur when specimens 
are stressed in air. Two materials, the aluminium 
and stainless steel, showed a greater beneficial effect 
with notched specimens than they did with smooth 
specimens in the earlier study. This result may be 
associated with the relatively impermeable and 
adherent oxide films that form on these metals. 
Prior to crack initiation these films apparently 
minimize detrimental surface reactions. During the 
crack propagation phase, however, each increment 
of crack extension provides an area of clean metal 
surface that may react with any oxygen in the 
atmosphere. 

While these considerations provide a possible ex- 
planation for the effects of dodecyl alcohol coatings 
on crack initiation and propagation, the mechanism 
of the effect of surface reactions on fatigue is still 
not clear. Recent work, both at the Bureau and else- 
where, tends to show that the oxygen and the water 
vapour in the atmosphere are responsible for the 
reduction in fatigue life. Nevertheless, little ex- 
planation can be offered as to the manner in which 
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GAS NITRIDING OF STAINLESS STEEL 


IN NITRIDING STAINLESS STEELS inconsistent results 
are usually obtained unless some method is used 
to remove the surface oxide film which is believed 
to act as a barrier to nitrogen penetration. One 
widely used method is to sand or vapour blast the 
parts and then pickle them in acid. Although 
effective, this technique and others, whether electro- 
lytic or chemical, increase production costs 
appreciably. 

At Cameron Iron Works preparation of the sur- 
face by pickling and other means is no longer 
required, according to V. J. Coppola, formerly with 
Cameron Iron Works, Houston, Texas, U.S.A., 
reported in Metal Progress, July, 1961. Finish- 
ground or lapped parts are nitrided directly in a 
retort which is sea!e i and purged of air before heat- 
ing. In practice, an absolute purge is neither practi- 
cal nor necessary; however, to assure satisfactory 
nitriding, not more than 3°, air (by volume) is 
permitted to remain in the retort before it is heated. 

The procedure which allows direct nitriding is 
based on tests with Type 410 stainless steel to 
determine the effect of various temper films (and a 
passive oxide film) on nitriding. Results indicate 
that a passivating film and temper films produced at 
480°C. or above do not affect the depth of the case. 
It was found that when the purge of the retort was 
inadequate an oxide formed when the parts were 
heated to the nitriding temperature. hen [is 
occurred, even surfaces that had been verv carefully 
prepared failed to nitride. 

It was also found that the length of time between 
final surface preparation and nitriding did not affect 
nitriding. 

The successful results obtained when nitriding 
lapped or smoothly ground surfaces, without further 
surface preparation, have been attributed to the 
removal of a small but critical amount of disturbed or 
worked surface metal. It is virtually impossible to 
nitride stainless steel that has been machined by 
turning, milling or coarse grinding without special 
surface treatment because of disturbed metal. These 
surfaces can be ‘ activated ’ by a mild peening action, 
such as sand or vapour blasting. This beneficial 
effect on the nitriding reaction is not too clearly 
understood; it is only known that blasting induces 
compressive stresses in the surface which may 
counteract, to some extent, the tensile stresses 
developed during machining. 


these components accomplish the reduction until 
more is known about the entire fatigue process. 
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WHEN PLANS were prepared to replace the 3,000-ton 
forging press at the works of Walter Somers Ltd., 
Halesowen, it was decided that, although existing 
presses were powered by steam, the new press 
could more efficiently be powered by electricity. 
The cost of converting two other existing presses 
of 800-ton and 1,500-ton capacity from steam to 
electricity would have been, however, too expensive. 
It was, therefore, decided to install thickness 
control on the new 3,000-ton press. This would 
enable the one 3,000-ton press to undertake the 
work of the previous three presses without the risk 
of over-forging a small workpiece which would 
normally have been forged on one of the smaller 
presses. 

In view of the many advantages of the two-column 
inverted press over the conventional four-column 
press this design was decided upon. Some of the 
advantages are: (a) Saving in height, (6) better 
access to press tools, (c) improved view by the 
operator, (d) improved stability, (e) less risk of fire 
and (f) more compact housing of electrical and 
pumping equipment. 

The new press is then a two-column, oil-hydraulic, 
three-stage drawdown press, with three hydraulic 
working cylinders in line. 


The press can be used with an effort of either 
1,000 tons and a press speed of 7:5 im. sec., or 
2,000 tons with a press speed of 3-75 in. sec., or 
at its maximum thrust of 3,000 tons and a press 
speed cf 2-5 in. sec. The approach speed is 9 in. 
sec. and the return speed 14 in. sec. The press 
columns are set at 14-ft. centres on a centre line at 
an angle of 30 deg. to the centre-line of the sliding 
anvil. This gives the operator a completely clear 
view of the work under the press. There is 12 ft. 
of daylight between the top moving crosshead and 
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3,000-ton 
forging 
“= press at 
Walter 
Somers 


the sliding anvil plates and the press stroke is 
7 ft. The anvil is carried on hydraulically powered 
sliding plates and the complete bottom tooling 
with the forging in position can be moved a total 
distance of 14 ft. or 7 ft. each side of the working 
centre-line. In addition, the press has tool change 
gear enabling a complete set of tools to be changed 
in a matter of minutes. 


There are six pumps driven in pairs by motors 
of 500 nominal h.p. each, with a peak horsepower 
of 1,000 at a working pressure of 4,500 Ib.'sq. in. 
The pumps each deliver 150 gal. min. of oil when 
running at 1,500 rev.min. These pumps are 
installed in the foundations below the press, as 
also is the hydraulic valve gear for controlling the 
working tonnage and the stroke of the crosshead 
and tools. 


The control desk is located square with the press 
anvil, allowing the operator an uninterrupted view 
of the forging. Immediately behind the control 
desk are the control positions for three overhead 
cranes. These controls are of a type developed by 
BISRA and control a 30-, 60- and 100-ton crane 
respectively. There is in addition to the cranes a 
floor-mounted 13-ton manipulator, independently 
controlled, for the handling of certain types of 
forgings. 


A maintenance panel, located at some distance 
from the press, indicates to the maintenance staff 
that motors, pumps and ancillary equipment are 
operating satisfactorily. 


As this single press will deal with the whole 
output of the department, which formerly needed 
three presses of varying sizes, the furnace capacity 
has had to be increased and the new press will feed 
from ten furnaces. 
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The advantages of vacuum brazing include ex- 
tremely clean work and joints of great strength, 
free from pinholes and made without fluxes. 

That is why the Services Electronics Research 
Laboratories (Microwave Electronics Division) es Whiff 
at Harlow are using the Wild-Barfield internal 
element type vacuum furnace shown for brazing 
special assemblies. 

Remember that the experience of Wild-Barfield 
covers the design and manufacture of all types 
and sizes of vacuum furnaces. 


3 WILE 0 FOR VACUUM METALLURGICAL APPLICATIONS 
ARFIEL 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 


Elecfurn Works - Otterspoo! Way - Watford By-Pass - Watford - Herts Tel: Watford 26081 (8 lines) Grams: Eleciurn, Watford 


wernt 
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200-ton gas-fired stress-relieving furnace 

A TOWN’S GAS-FIRED bogie-hearth stress-relieving furnace 
has recently been commissioned in the Darlington works 
of Whessoe Ltd. It is believed to be the largest of its 
type in the British Isles and probably in Europe. 

The furnace, supplied by Dowson & Mason Ltd., is 
designed to stress relieve welded fabrications at tem- 
peratures between 600-650°C. and perform other heat- 
treatment operations up to a maximum of 1,150°C. 

The internal dimensions are 18 ft. wide, 21 ft. 9 in 
high from the top of the bogie to the crown of the furnace 
arch, and 85 ft. long between the door faces. 

In large furnaces there is a considerable build-up of 
pressure in the upper portion of the chamber, due to 
the great height and the temperatures of operation (up 
to 1,150°C.). It is important that gases are prevented 
from escaping from the top and upper sides of the furnace 
doors and, for this reason, sandseal troughs are arranged 
across the top of the roof at the door faces and dipper 
castings on top of the doors complete the seals. At the 
sides of the door openings there are asbestos insulation 
sealing pads, and both doors when in the closed position 
are clamped by hydraulic cylinders, since tightening by 
hand would not be very satisfactory. 

It is also important in very large furnaces to prevent 
the ingress of air from below the bogie and, for this 
reason, fixed sand troughs are arranged along the sides, 
with dipper castings in the furnace walls making the 
seals. Hinged sand troughs at each end are raised by 
cams to make seals at the bottom of the doors. This 
allows the bottom of the bogie to be open from end to 
end, for keeping the wheels and axle boxes cool. 

The bogie is moved by a wire cable haulage gear 
driven by a 25-h.p. electric motor. To reduce tractive 
effort, roller-bearing axle boxes are used and the wheels 
are disposed alternately in four rows to ensure the 
maximum charged weight of 200 tons is evenly distributed. 

The walls, rcof and doors are lined with insulating 
refractory, as its low-thermal storage gives considerable 
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fuel economy in the intermittent heat-treatment processes 
on which this furnace will be operated. A frequent 
problem encountered in the design of large furnaces is 
that of preventing the walls from collapsing inwardly. 
Such collapse is impossible in this furnace, because taper 
wedge bricks are used at intervals along the sides and in 
the doors. These are held to the casing by vertical rods 
passing through holes in the bricks. 

Town’s gas is supplied to multiple horizontal and 
vertical burners located in the base of the side walls to 
achieve close temperature uniformity. Nozzle mixing 
is used for the horizontal burners and those firing vertically 
give luminous flames. Air is provided by a 10-h.p. 
electrically driven fan. 

Temperatures are automatically controlled in six zones, 
each having a Kent pneumatically operated fully propor- 
tioning recording controller. There are three six-point 
strip chart recorders connected to thermocouples attached 
to the charge and in the furnace atmosphere. A pressure 
control instrument is provided and gas consumption is 
recorded by a flowmeter. All instruments are mounted 
on a cubicle-type panel. 


A. P. Newall & Co. Ltd., Woodside Engineering Works, 
Possilpark, Glasgow, N.2, announces the appointment of 
the following representatives: London and South of 
England, Mr. Davis, with headquarters at 19-20 
Grosvenor Street, London, W.1; Midlands, Mr. H. 
Humpston, with his office at 33 Exchange Buildings, 
Birmingham 2. 


Furnace for gas-turbine establishment 

G.£.c. (ENGINEERING) LTp. has recently received an 
order, valued at over £10,000, for a sealed water-quench 
furnace. It is for installation in the Burnley Works of 


the Lucas Gas Turbine Equipment Ltd. and it will be 
used for the annealing and hardening of various types of 
high-grade steel and steel alloys employed in the aircraft 
industry. 


The 200-ton gas-fired stress- 
relieving furnace in the Darlington 
works of Whessoe Ltd. Supplied 
by Dowson & Mason Ltd. 

the furnace is believed to be the 
largest of its type in Europe 
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Electrical Aids in Indusiry— Data Sheet 


Load Factor Improvement 


Most industrial electricity tariffs 
consist of a fixed charge based on the 
maximum demand for electricity by 
the works and a running charge for 
each unit (kWh) of electricity used. 
Broadly speaking, the fixed charge 
covers the capital cost of generating, 
transmitting and distributing equip- 
ment for the particular demand and 
the running charge covers the cost of 
generating the units. 

Thus, if the factory maximum demand 
is reduced for the same level of consump- 
tion or is held constant for an increased 
consumption, the cost per unit will be 
reduced. This is termed improving the 
‘load factor’: load factor being defined 
as the ratio of the number of units 
supplied during a given period to the 
number of units that would have been 
supplied had the maximum demand been 
maintained throughout the period; it is 
usually expressed as a percentage. Some 
ways in which load factor can be 
improved are: 

CONTROL OF MAXIMUM DEMAND 
A maximum-demand alarm gives a 
warning when the maximum demand is 
about to be exceeded. One of the simplest 
devices has two warning contacts, but, as 
a useful addition, an auxiliary relay can 
be supplied so that non-essential load 
can be tripped automatically 
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The Load Limiter, an automatic device, 
meets the requirements of medium and 
large consumers who wish not only to 
control their system loading to some 
target maximum but also to improve the 
load factor in order to increase the 
overall economy of the plant. 


EXAMPLES OF REDUCTION 

IN MAXIMUM DEMAND 
Broadly speaking, loads which contain 
some storage element can be transferred 
from on-peak to off-peak times. Examples 
are: charging electric batteries used in 
industrial trucks and road vehicles; 
pumping loads in drainage schemes; 
water pumping in quarries, gravel pits 
and other open-air workings; large cold- 
storage warehouses; ice-making fac- 
tories in which cost of power is a suffi- 
ciently large item of the operating 
expense to make a reduced charge 
acceptable 

Many processes at times of peak de- 
mand can, under controlled conditions, 
tolerate a temporary reduction, or even 
cessation, of supply without any serious 
effect on the product. With electro- 
chemical processes such as in the manu- 
facture of hydrogen peroxide no difficulty 
arises from periodic interruptions at 
short or even no notice. 

In a plastics factory the management 
arranged for dies to be switched on by 
time switches one after another early 
Monday morning so at the beginning of 
work all dies had reached their operating 
temperatures 

In a certain chemical works com- 
pressed air is used for blowing out con- 
tainers for plastic material. The nature 
of this operation is such that the con- 
sumption of air is spasmodic and irregu- 
lar. The demand-recording meter in this 
works showed that the 18 kW motor 
driving the air compressor was frequently 
cutting in on top of the factory load, thus 
incurring a higher maximum-demand 
charge. In this case all that was necessary 
was to ensure that the air receiver only 
required charging at night-time or at 
other off-peak times. It was found that 
the existing receiver had such a small 
capacity that the pump had to operate to 
recharge it almost every time the blowing 
operation took place. This small receiver 
was therefore replaced by a receiver of 
large enough capacity to maintain the 
blowing requirements over the peak 
periods without further charging. 





For further information, get in touch with 
your Electricity Board or write direct to the 
Electrical Development Association, 2Savoy 
Hill, London, W.C.2. Telephone: TEMple 
Bar 9434. 

Excellent reference books are available 
on electricity and productivity (8/6 each, 
or 9/- post free)’ Higher Industrial Pro- 
duction with Electricity” is an example. 

E.D.A. also have available on free loan 
in the U.K. a series of films on the industrial 
uses of electricity. Ask for a catalogue. 
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EpGAR ALLEN & Co. Ltp. regret to announce the death 
last month, at the age of 67, of Edwin Gregory, 
M.SC.(LOND.), PH.D., A.MET., M.I.CHEM.E., M.I.E.I., F.1.M., 
F.R.L.C., a director of the company for 15 years and chief 
metallurgist from 1944 until his retirement from executive 
duties in March, 1961. 

A Sheffield man, resident in Rotherham, Dr. Gregory 
was known throughout the world for his books on metal- 
lurgical subjects and his first book, ‘ Metallurgy,’ 
published in 1931, is still a standard work in universities 
and technical colleges in the United Kingdom, the 
Commonwealth and the United States of America. 

Dr. Gregory was a member of the Court of Governors 
of the University of Sheffield, thus serving his University 
where he had been a brilliant student and then lecturer 
in the metallurgical department from 1921 to 1937. 

In 1937, he received the freedom of the Sheffield 
Trades Technical Societies, along with the ‘ Ripper’ 
medal as a token of distinguished services to the Society 
and its activities 

During his later life, Dr. Gregory served on many 
national and local committees. Chief among these were 
his work as a governor of the National Foundry College, 
as one of the original council members of the British 
Iron and Steel Research Association and as chairman of 
the Standard Methods of Analysis Committee of that 
Association. He took an important part in the formation 
of the British Steel Castings Research Association and 
was a member of its council and Finance Committee 
as well as Research Committee chairman. He was a 
past president of the Institution of Engineering Inspec- 
tion and a former chairman of the Institution of Metal- 
lurgists’ Examination Committee 


Mr. Robert Davidson MacMillan, managing director 
of Controlled Heat & Air Ltd. (a member of the Incan- 
descent Group of companies), died last month. 

He was born in Glasgow in 1903 and received his 
technical education at Glasgow Technical College. He 
served his apprenticeship with A. & J. Inglis Ltd., 
marine engineers and shipbuilders, and became a qualified 
marine engineer, and in 1927 joined the Pneumatic 
Conveyance & Extraction Co. of Manchester and later 
the Carrier-Owen Engineering Co. Ltd., London. 

In 1933 he joined Controlled Heat & Air Ltd. as chief 
designer and was appointed managing director in 1945. 
During the period of his office the company and the group 


with which he was associated have made continuous 
progress. 
Mr. MacMillan concentrated mainly on the lower 


temperature phase of thermal engineering and con- 
tributed substantially to the development of continuous 
tinplate printing machines, dust extraction in both wet 
and dry forms, related combustion equipment and heat 
exchangers aid critical control of high-velocity convection 
in continuous static and mechanized forms. 

He was responsible for many technical publications 
and was a competent lecturer in the subjects in which 
he was so well versed, and he was well known and liked 
by a host of industrial friends throughout Britain and 
overseas. 


World’s widest aluminium rolling mill 

The British Aluminium Co. Ltd. will spend over £10 
million on new equipment as an extension to the Falkirk 
rolling mills in Scotland. The first stage comprises a hot 
mill, approximately 172 in. wide, which will treble 
Falkirk’s ultimate capacity to 150,000 tons a year. Work 
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will begin immediately and cold rolling and finishing 
capacity will be increased to absorb the hot-rolling 
capacity over a succeeding period as the growing market 
for aluminium warrants. This will be the widest alu- 
minium rolling mill in the world 


500-ton Lombard forging press for India 

D. L. Lomsparp & SONS ENGINEERING LTD., 19 Grosvenor 
Place, London, S.W.1, have recently shipped to India one 
of their self-contained 500-ton Lombard forging presses. 

The press will be installed at the works of India Pistons 
Ltd., Madras, in one of the world’s most up-to-date plants 
for the manufacture of pistons, piston rings, cylinder liners, 
gudgeon pins, etc. 

This press is very simply operated by means of the hydraulic 
servo-motor control lever seen on the right which provides 
rapid acceleration and quick reversal of delivery. This 
small lever requires only a very light operating force and 
the ram will retract or lower at a speed depending upon the 
amount of its displacement from the neutral horizontal 
position. The maximum return and advance speeds are 
740 in. min. and the pressing speed which commences 
automatically when ram contacts workpiece is 76 in.,min. 
The oil-hydraulic circuit incorporates an Oilgear infimtely- 
variable-delivery radial piston-type pump giving a par- 
ticularly smooth action in a compact simple umt. It is 
driven by a 150-h.p. motor 

Press daylight is 36 in. with a stroke of 16 in. and bolster 
area of 36 36 in. The fabricated frame is of rigid 
construction, giving a bed deflection of less than 0-001 in./ft. 
and allowing for off-centre loading up to a maximum of 
7 in. from centre load is evenly distributed on a 
6-in.-dia. area. 
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REFRACTORY 
CONCRETE 


THE ADAPTABLE REFRACTORY MATERIAL 


SAVES 
TIME 
AND 

MONEY 


Refractory Concrete (stable under 
load up to 1350 °C) is made with 
crushed firebrick and CIMENT 
FONDU. Ready for any purpose in 
24 hours. 


i A— icine ees 
up to 1350°C WITH SUITABLE 

\ } REFRACTORY AGGREGATES 

alum inOUS CEMENT Write for Booklets ‘Refractory Concrete’ and ‘Secar 250’ 
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A Must for 

FURNACE & 

BOILER FOUNDATIONS 
HEAT-RESISTANT FLOORS 
FURNACE DOORS & DAMPERS 
FLUES & FLUE-PIPE LININGS 
KILN CAR & BOGIE TOPS 
COKE OVEN DOOR LININGS 


SPECIAL SHAPES 
BURNER BLOCKS ETC. 


and 101 other Refractory uses 























For Super Duty and Special Condi- 
tions. Higher temperatures up to 
1800 C. Reducing atmospheres. Re- 
sistance to slag attack. Resistance 
to products of combustion, use 
SECAR 250 (An iron-free white 
calcium-aluminate cement.) 






up to 1800°C 





2260 Rect Mane 


LAFARGE ALUMINOUS CEMENT COMPANY LIMITED - 73 Brook Street - London W1 - Tel: MAYfair 8546 


4PISS 
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Mr. H. F. Tremlett, B.Sc., 
A.R.S.M., F.1.M. 


‘THe BriTIsH WELDING RESEARCH ASSOCIATION announces 
a number of important changes in its internal adminis- 
tration. Under the new arrangement, the former Welding 
Process and Resistance Welding sections have been 
integrated into one Welding Technology Department 
with wide terms of reference. 

Administration of the new department is the respon- 
sibility of Mr. P. T. Houldcroft, formerly chief metal- 
lurgist, who now becomes head of the Welding Tech- 
nology Department, with Mr. A. A. Smith, formerly 
in charge of the Welding Process Section, as deputy head. 
Complete administrative responsibility for, and control of, 
the metallurgical laboratory is assumed by Mr. H. F. 
Tremlett, the deputy director of Research, with Dr. 
R. G. Baker and Mr. J. G. Young as chief metallurgists 
in charge, respectively, of ferrous and non-ferrous 
researches. 

Work in the physics of the electric arc, including the 
development of techniques for controlling and utilizing 
ultra-high temperature arc plasma, and in the development 
of electronic control and monitoring systems, will be 
under the control of Dr. A. A. Wells, the assistant 
director of research, who also controls the Association’s 
engineering researches. 


The British Iron and Steel Research Association has 
appointed Mr. A. G. Shakespeare, M.A.(CANTAB.), as 
head of its steelmaking laboratories at the Sheffield 
research station. At the time of this appointment Mr 
Shakespeare was in charge of the Association’s work on 
hot strip processing at the Sketty Hall laboratories in 
Swansea. 

Aged 33, Mr. Shakespeare was educated at Garw 
Grammar School in South Wales and Fitzwilliam House, 
University of Cambridge, where he read for the Natural 
Sciences Tripos, obtaining a second-class honours 
degree in metallurgy in 1951 

From 1951 to 1952 he was employed at the research 
laboratories of Fairey Aviation, where he worked on the 
heat treatment of light alloys and precision casting 
techniques. He then moved to the Nelson research 





Dr. A. A. Wells, B.Sc.(Eng.), Ph.D., 
A.M.1.Mech.E. 
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Mr. P. T. Houldcroft, 
B.Sc., F.1.M. 


laboratories of the English Electric Co., where his special 
interests were X-ray crystallography and the high- 
temperature ‘ cermet’ materials. 

In 1954 he joined BISRA and has since been engaged in 
research into the design and operation of strip processing 
plants, playing a notable part in the development of the 
Association’s new rapid continuous annealing process. 


Mr. Kenneth A. Smith, who for the past two years 
has been a director of Firth Cleveland Steel Strip Ltd., 
of Tipton, Staffs., has been appointed a director of 
Firth Cleveland Steel Ltd. and of the associated company, 
J. J. Habershon & Sons Ltd. He will have full executive 
responsibility over the whole field of steel strip production 
and will be based at Holmes Mills, Rotherham. 

Mr. Smith joined the Tipton Co. in 1949 as a metal- 
lurgist. In 1955 he was made works manager and in 
1959 he became production director. 


Following the recent resignation of Mr. A. M. Sim- 
mers, who has taken up an appointment with Vickers 
Ltd., Mr. P. H. Morwood is appointed secretary of 
English Steel Corporation Ltd., and Mr. A. Taylor, 
special director, is appointed chief accountant. 

Mr. P. H. Morwood is also secretary of the U.K. 
subsidiaries of the E.S.C. Group, and Mr. A. Taylor is 
chief accountant of the wholly owned subsidiaries. 


Mr. Vernon H. Willey has been appointed by Firth 
Cleveland Steel Ltd., of Rotherham, Yorks., to a special 


post with the company as marketing manager (stainless 
steels). 
Mr. Willey’s immediate responsibility will be to 


acquaint users and potential users of stainless-steel strip 
throughout the country with the new sales policy adopted 
by J. J. Habershon & Sons Ltd. 

Since 1958, Mr. Willey has been director and general 
manager of the Edmonton Steel Strip Co. Ltd., London, 
N.8, and he will continue to hold these appointments. 


Mr. Mervyn A. Fudge has been appointed director 
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and general manager of the Tenuous Steel Co. Ltd., 
of Rotherham, Yorks., by Firth Cleveland Steel Ltd. 
Since 1956, he has been company secretary of Firth 
Cleveland Steel Strip Ltd., of Tipton, Staffs., manu- 
facturers of wide hardened and tempered strip in carbon 
and alloy steels. For the time being he will still retain 
this position. 

Firth Cleveland Steel Ltd. looks after the marketing 
interests, both at home and overseas, of the Tenuous 
Steel Co. Ltd., Firth Cleveland Steel Strip Ltd., J. J. 
Habershon & Sons Ltd., and the Edmonton Steel Strip 
Co. Ltd. All five companies are members of the Firth 
Cleveland Group. 


Mr. Martin Lyth, M.A., A.M.1.MECH.E., has recently 
been appointed director of supplies to Griffin & George 
(Sales) Ltd. This is a new post created to meet the 
growing need for the buying and allied functions to be 
represented at board level. Until his new appointment 
Mr. Lyth was managing director of Griffin & George 
(Scientific Instruments) Ltd., a subsidiary company 
which manufactures the Griffin specialist range of 
scientific instruments. 


Mr. Lyth was born in 1919 and educated at Newcastle- 
under-Lyme and Clare College, Cambridge. He began 
his engineering career as an aerodynamicist in Sir Frank 
Whittle’s firm, which was pioneering the jet engine 
After the war he moved to design and thence to produc- 
tion, and spent seven years as a management consultant 
with Production Engineering Ltd. He joined Griffin 
& George in 1957 and became managing director of the 
production subsidiary in 1958. 


FOR CONTINUOUS NORMALISING 


te 


ANNEALERS LTD 
PENISTONE RD SHEFFIELD.6. 
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Classified Advertisements 


FIFTEEN WORDS 7:. 6d. (minimum charge) and 4d. per word 
thereafter. Box number 2s. 6d. including postage of replies. Situations 
Wanted 2d. per word. 

Replies addressed to Box Numbers are to be sent, clearly 
marked, to Metal Treatment and Drop Forging, John Adam 
House, John Adam Street, London, W.C.2 


SITUATIONS VACANT 


METALLURGIST REQUIRED for heat-treatment plant under- 
taking sub-contract work, with practical experience on 
gas-fired muffle and salt-bath furnaces and preferably 
some knowledge of induction heating. Sales ability an 
asset. Car provided. Excellent opportunity in small 
progressive company in S.W. London area. Applicants 
should state experience and salary required to Box No 
MR143, METAL TREATMENT AND DROP FORGING 


WORKS METALLURGIST 
is required by 

Messrs. Garringtons Limited 
Bromsgrove 


Applicants should be qualified with several years’ 
experience in the hot working and heat treatment of steel 


Preferred age 25-35 years. 
Salary will be based on experience and qualifications. 
Five-day week and pension scheme 


Applications should be made to 
The Personnel Manager 


SERVICES OFFERED 


MECHANIZATION OF Drop FORGING AND STAMPING, 
Over the years we have introduced up-to-date handling 
equipment in the above industry. We shall be pleased 
to give your problems the benefit of our experience 
For further information please contact Technical Sales, 
Whiteley-Read Engineers Ltd., Park Lane, Basford, 
Nottingham. Phone 77861. 


: MACHINERY FOR SALE 


ETHER COMBINED TEMPERATURE INDICATORS AND REGULA- 
TorS, zero/1,000°C. Six instruments. 
Ether combined indicator and chart 
1,000°C. Two instruments. 

Two G.E.C. photo-cell equipments comprising projector, 
type LLH, control relay, type A, and photo equipment, 
type MD. 

Two process timers by Burrell, Sheffield, zero/30 sec 
Five Ether-type 650 ‘ Throttltrol’ control units. 

Six McClaren protective thermostats 250/150, 5 amp., 
200/750°C. 


All above second-hand, unused. 


recorder, zero 


WHITEFIELD MACHINERY & PLANT L1TD., 
48 Chatham Street, 
Edgeley, Stockport, Cheshire 


T.69 HEENAN & FrRoupDE WATER COOLING Tower, com- 
plete with Pulsometer motorized circulating pumps and 
fan, etc.—Whitefield Machinery & Plant Ltd., 48 Chat- 
ham Street, Edgeley, Stockport, Cheshire. 
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facilities 
for 


HEAT TREATMENT 


The ENV heat treatment 
plant is one of the most 
modern and comprehensively 
equipped in the London area. 


Facilities include full metal- 
™~ lurgical control, quenching 
a. press equipment and electric- 


ally controlled flame harden- 
ing machine. 

Enquiries for heat treatment 
of production quantities are 
invited. 


Cut your finishing costs on 
DIE SINKING & FETTLING 

By using the British made 
BRIGGS - AJAX 

Range of 
AIR GRINDERS 


which have achieved an enviable reputation for 
reliability since their introduction 21 yrs. ago. 


AJAX JUNIOR, |00,000 r.p.m. for Stones 
gy” to R” dia. 

AJAX MK. I1l, 50,000 r.p.m. for Stones 
3” to 2” dia. 

BRIGGS MK. II, 28,000 r.p.m. for Stones 
4” to |” dia. (deep reach) 

BRIGGS MK. V, |0,000 r.p.m. for Stones 
13” to 2° dia. 





Litereture on request from Menufecturers 


BRIGGS BROS. (ENGINEERS) LTD. 
206 EDWARD ROAD, BIRMINGHAM, 12 
Telephone: CALthorpe 2995 


E.N.V. ENGINEERING CO. LTD 


Hythe Road, Willesden, N.W.10 
Telephone: LADbroke 3622 
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SUBSCRIPTION ORDER FORM 
To the PUBLISHER 


METAL TREATMENT 
and DROP FORGING 


ale JOHN ADAM HOUSE 
Pac eg 1719 JOHN ADAM STREET ee 
AFALOAR 6171 ZACATECAS, RAND, LONDON 
ADELPHI, LONDON, W.C.2 








Please place my our name on your regular mailing list to receive a copy of METAL 
TREATMENT and Drop Forging each month, beginning with next month’s issue and until 
countermanded, rendering your invoice in due course in the sum of £1.10.0 to cover the first 
year. 


Name 
Address 


Date 


Cheques and Post Office Orders to be made payable to:--[NDUSTRIAL NEWSPAPERS, LTD. 
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Why is the cheaper cutting 
oi! or fluid frequently more 
expensive ? 


Because it is usuaily more costly 
in use 


An oil or cutting fluid recommended by Edgar Vaughan 
implies 


Good finish 

Faster production rates 

Shorter machining times 

Fewer man-hours, meaning lower labour costs 
Economy in use 

Longer tool life 


Edgar Vaughan have a complete 
range of Cutting Oils and Fluids 
to meet the most exacting 
requirements for economic 
production, backed by over 60 
years’ specialized experience in 
this field. Recommendation and 
advice without obligation 





informative literature 
is av iiak i. on r <-> 


q = 


METAL CUTTING OILS 


Vaughan 


LEGGE STREET, BIRMINGHAM 4 


Works and depots at 





Birmingham, London (Southall), Manchester, 
Liverpool, Bristo!, Glasgow 


in association with the Houghton group of companies aii over 
the world 
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Forced-air circulation at 


100¢C 


an important advance in 
furnace design by , 





This highly successful furnace was designed and 
constructed by us to meet the following 
Rotis-Royce specification: 
|. variable temperature range up to 1,100°C. 
2. tolerance of 10 C. throughout the range 
3. even temperature distribution all through 
4. heating chamber size 4’ 6” x 4° 6" x 5° 0” 
We overcame the problems involved by using 
forced-air circulation with the fan assemblies made 
of * Nimonic 75° heat resisting alloys mounted 
on air-cooled tubular shafts. The air guide, which 
was also made of ‘ Nimonic 75,’ was supported 
from the roof to reduce distortion at maximum 
temperature. The heating elements were housed 
in refractory grooves to facilitate easy replacement 
even with the furnace still relatively hot 

Tests before shipping were entirely successful, the 
temperature variation being +4 
5°C. at 750°C. and negligible 
at 1,100°C. The furnace is 
used for the heat treatment 
of Rolls-Royce ‘*‘Con- 
way,’ ‘Avon,’ and 
‘Dart’ jet engine 
assemblies 











For your INDUSTRIAL 

next ELECTRIC 

electric furnece HEATING 
consult SPECIALISTS 





Hedin Limited, Fowler Road, Hainault, Essex 
Telephone: Hainault 303) 
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Where precision surface 
hardening is required, with 
little dimensional change, 
and exact repetition of 
treatment is needed to 
maintain regular quality in 
bulk quantities, think of 
Radio Frequency Hardening and 
think of Flame Hardeners Ltd. 
first. Our considerable 
experience, special equipment 
and specialist knowledge are 
yours for the asking. Call us 
in from the start. We can save 
you a lot of trouble — maybe 
cost, too 


<J 


G Flame 





Hardeners Ltd. 


E the British Isle ed from 
SHORTER WORKS, BAIL EY LANE, 
SHEFFIELD, |. Telephone: Sheffield 21627 
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THOMAS ANDREWS 


AND COMPANY LIMITED 
High-Grade Steel Makers 
HOT & COLD DIE STEELS 


“MONARCH | 
{ TOOL HOLDER BITS 
“HARDENITE CARBON & ALLOY TOOL 
) STEELS forALL PURPOSES 
“HELVE" 





¢ HIGH SPEED STEELS 


( CARBON TOOL STEEL for 
) CHISELS, PUNCHES, &c. 


ROYOS 
HARDENITE 
ATTERCLIFFE 


WORKS 
STEEL 
ROAD, 


AND 
WORKS 
SHEFFIELD 4 


Export Department 
THE HARDENITE STEEL COMPANY LIMITEO 


Telephone Telegrams: 
Sheffield 2213! Shakting, Sheffield. 4 





























ABBEY HEAT 
TREATMENTS LTD. 


Plaza Works, High St., Merton, S.W.19 
2 


Specialized Heat Treatment 
in our NEW Capacity Furnace 
with non-oxidizing atmosphere 

+ 


SPECIALLY DESIGNED for the heat 
treatment of high temperature alloy 
materials up to 1,300°C. 


a 
Enquiries will be dealt with personally by our 
Technical Staff - Ring CHERRYWOOD 2291/2 


ALD. DLARM. LEME. & ARB. Approved 
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—ua= tool life trebled! 





COLLOIDAL GRAPHITE 


GRAD, by constant research and 
exhaustive laboratory and field tests, 
are meeting the exacting demands 
gy ™ of British industry by supplying 
colloidal graphite dispersions that 
in many instances can double overall production. 
Another significant aspect of the enterprising services that 
GRAD provide for their customers, is delivery in half the 
normal time. if yours is a lubrication problem consult 
GRAD. They know what you may want to know about 
lubrication. 





cleaner to use! 


GRAPHOIDAL DEVELOPMENTS LTD 


CONSULTING LUBRICATION ENGINEERS 
WREAKES LANE, DRONFIELD, NEAR SHEFFIELD 














No Scale 





PRO-TEK Continuous Billet 
Heating Furnaces are built j 
under licence arrangements Longer Tool Life 
with Metallurgical Oxygen 

Processes Limited and Low Fuel Cost 
Indugas, G.m.b.H., Essen. 
Specially suitable for 

repetition work either No Metal Loss 
mild steel or alloys. 
Standard sizes from 10 cwts. 
per hour upwards with 
guaranteed performance and 
scale free high quality PRO-TEK FORGING 
finish heating. 














[ i 


GIBBONS BROTHERS LIMITED DUDLEY WORCESTERSHIRE 





NORMAL FURNACE FORGING Gi0s 
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STAINLESS STEEL 
HEAT RESISTING 


NG POTS 
ARDENING BOXES 
BRASS, GUN METAL 


PHOSPHOR BRONZE, ALUMINIUM erc. 
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HIGHLY ALLOYED STEEL 
CASTINGS 


‘JOFO" castings are available in 
a wide range of qualities 


From a few ozs up to 25 cwts each 


M.O.S approved inspection facilities insialied 
Routine X-ray contro! 


He Johnson se Sd 


Regd. Office 
BROADFIELD RD., SHEFFIELD 8 
Telephones : 5243! 4 
Office and Works Entrance 
AIZLEWOOD RD., SHEFFIELD 8 
Foundry : Aiziewood Road. Sheffield 
Machine Shops: Broadfield Road, Sheffie'd 

London Office: Central House 
Upper Woburn Place, W.C.! 
(EUSton 4086 
Glasgow Office : 93 Hope Stree 2 
Central 8342/5) 
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ABRASIVE RESISTING 
HEAT & ABRASIVE RESISTING 


HIGH SPEED TOOL, DIE 
& SPECIAL ALLOY STEELS 
also STAINLESS STEEL ROAD 


LINES, STUDS & SIGNS 
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HIGH TEMPERATURE 


SERVICE — 





THE NICKEL- 
CHROMIUM 
ALLOY 


For Temperatures at which 
other metals collapse 


HEAT Rf TING CASTINGS 
OF A “TYPES : CASE 
HARDENING VESSELS 
ROTARY RETORTS AN 

MUFFLES : PYROMETER 
PROTECTION SHEATHS 


x 


THE CRONITE FOUNDRY CO. thes 


LAWRENCE ROAD, TOTTENHAM, LONDON, NUS sranco'' 








Price 


























General Purpose 
Die & Mould Stee! 








7 
\ 
\/ 
| 
‘ | 
| Ls) 
Chromium/ Vanadium Chromium /Mglybdenum/ : ~ Nickel /Chromium 
_ Tungsten/Molybdenum Vanadium Molybdenum 
_ Hot Working & Forging Aluminium Extrusion & . Backing Die & Hot 
y ‘Die Steel Pressure Die Casting Stee! Working Steel 


Walter Somers Limited 


HAYWOOD FORGE HALES OWEN NR. BIRMINGHAM § Telephone: Hales Owen 1185 
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